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THE ABSORPTION AND METABOLISM OF CYSTINE AND OF 
CERTAIN CYSTINE DERIVATIVES IN DOGS WITH | 
ISOLATED INTESTINAL LOOPS 


By JAMES C. ANDREWS, CHARLES G. JOHNSTON, anpb 
KATHLEEN CRANDALL ANDREWS 


(From the Departments of Physiological Chemistry and Research Surgery, 
School of Medicine, University of Pennsylvania, Philadelphia) 

Further studies have been made of the rate of absorption of l-cys- 
tine, both in suspension and as the sodium salt. For this series of 
determinations the same dog has been used throughout with the 
following results. (1) The quantity of cystine absorbed from a 
given loop, the amount introduced and time of absorption being 
the same, is independent of whether the cystine is administered as 
the very soluble sodium salt or as a suspension of isoelectric cys- 
tine. (2) The quantity of cystine absorbed per hour is not con- 
stant but increases the longer the cystine is left in the loop. (3) 
The quantity of cystine absorbed increases as the amount intro- 
duced (as sodium salt or isoelectric cystine) is increased. Quad- 
rupling the size of the original charge more than doubles the 
amount absorbed. 

The relative rates of absorption have been determined for the 
following compounds (arranged in order of speed of absorption): 
cysteic acid > cysteic acid hydantoin > cystine phenylhydantoin 
> dibenzoyleystine > cystine > cystine hydantoin. 

Metabolic experiments on the oxidation of the above compounds 
after absorption from isolated loops have confirmed the results of 
previous investigators in the case of cystine, cysteic acid, cystine 
phenylhydantoin, and dibenzoyleystine. 

Cysteic acid hydantoin is exereted about 75 per cent as unox- 
idized sulfur, while the increase in sulfate accounts for 15 to 20 
per cent of the sulfur absorbed. The sulfur of cystine hydantoin 
is exereted unoxidized. 
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COMPOSITION OF WHOLE SOUND TEETH, ENAMEL, AND DENTIN 
By W. D. ARMSTRONG 


(From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis) 

The composition of the inorganic phase of whole teeth varies 
with the proportions of enamel and dentin. The mineral composi- 
tion of enamel varies in teeth taken from one mouth as much as 
that obtained from teeth taken from different mouths. The 
composition of dentin, whether obtained from the same mouth or 
different mouths, is very constant. The magnesium content of 
dentin is twice as high as that of enamel. The Ca3(PO4)e:CaCQO; 
ratio of enamel is twice that of dentin. The relation of composi- 
tion to susceptibility to decay and age of eruption has been in- 
vestigated. 


THE OXIDATION-REDUCTION POTENTIALS OF CYANIDE- 
HEMOCHROMOGEN 


By E. 8. GUZMAN BARRON anp A. BAIRD HASTINGS 


(From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago, Chicago) 

It is known that hemin derivatives form the active nucleus of a 
number of enzymes concerned with biological oxidations. Since 
it is possible to predict whether an oxidative catalyst will produce 
the oxidation of an oxidizable substrate from a knowledge of their 
free energies, we are now engaged in a comprehensive study of the 
oxidation-reduction potentials of hemin and hemochromogens. 
Cyanide-hemochromogen forms a perfectly reversible oxidation- 
reduction system where the experimental values found agree with 
the calculated values according to the equation, 

RT {reduced cyanide-hemochromogen] 


E, = — 


The E’» of this system, measured at 30° in the presence of an 
excess of cyanide to prevent dissociation of the hemochromogen, 
has been found to be —0.183 volt, a value which is independent of 
the pH of the solution within the pH range 9.89 to 13.0. Below 
pH 9.89 it is difficult to keep the hemochromogen from dissociating, 
since a large part of the cyanide is present as undissociated HCN 
which does not give a hemochromogen; and the potentials thus 
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obtained depend on the equilibrium values of hemin and hemochro- 
mogen. Although hydrogen in the presence of colloidal palladium 
quickly reduces hemin and nicotine-hemochromogen, it does not 
reduce oxidized cyanide-hemochromogen, even after 3 hours. 
Titrations were therefore performed by reducing the oxidized 
hemochromogen either with hydrosulfite or titanous borate-tar- 
trate. The reoxidation of reduced cyanide-hemochromogen by 
atmospheric oxygen bubbling at a rate of 2 cc. per minute, at 20°, 
is performed in 4 minutes, 35 seconds, rather a slow rate when 
compared with the rate of reoxidation of reduced nicotine-hemo- 
chromogen, which is 2 minutes, 40 seconds. ‘The significance of 
this is discussed. 


TRYPTOPHANE METABOLISM OF THE DIPHTHERIA BACILLUS 
By LYLE C. BAUGUESS 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


Mueller, Klise, Porter, and Graybiel have shown that growth 
of the strain of diphtheria bacillus isolated by Yii is enhanced by 
l-tryptophane. We have studied the growth of this organism on 
d- and dl-tryptophane and related indole derivatives. 

Each of these compounds was incorporated in a tryptophane- 
deficient, but otherwise adequate, medium in amounts molecularly 
equivalent to 1 mg. of tryptophane per 10 ml. After sterilization 
each culture was inoculated with the organism and incubated at 
38°. The containers were shaken at 12 hour intervals. After 
48 hours incubation, growth was estimated nephelometrically. 

d-, dl-, and l-tryptophane were found equally efficient in the 
promotion of growth. Of the indole derivatives tested (8-3-indole- 
acrylic acid, a-oximino-8-3-indolepropionic acid, l- and dl-indole- 
lactic acids, and §-3-indolepyruvic acid), the d component of dl-in- 
dolelactic acid and 6-3-indolepyruvic acid promoted as good growth 
as tryptophane. The other derivatives were quite ineffective as 
growth promoters. 


A POLYHYDROXY ACID FROM THE SWEET PEPPER 


By EMIL J. BAUMANN, DAVID B. SPRINSON, anpb 
NANNETTE METZGER 


(From the Laboratory Division, Montefiore Hospital, New York) 


A polyhydroxy monobasic acid has been separated from the 
sweet green pepper (Capsicum annuum) which crystallizes from 
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water in prisms. It is slightly soluble in cold water, acetone, and 
methylethyl ketone and more soluble in methyl alcohol.  Pre- 
liminary experiments indicate that it contains a carboxyl, two 
methoxyl, and two or three hydroxy] groups, that it is a saturated 
substance containing no sulfur, halogens, or phosphorus, and that 
its empirical formula is CsHOs. 

R. J. Williams and his collaborators have reported experiments 
which show that one of the constituents of bios is a polyhydroxy 
saturated acid which has a molecular weight of 150 to 200. The 
hydroxy acid from peppers, however, stimulates yeast growth 
only slightly as compared to that reported by Williams for con- 
centrates containing the pantothenic acid fraction. 


THE OXIDATION OF CERTAIN AMINO ACIDS BY “RESTING”’ 
BACILLUS PROTEUS 


By FREDERICK BERNHEIM, MARY L. C. BERNHEIM, anpb 
M. DOROTHY WEBSTER 


(From the Departments of Physiology and Biochemistry, Duke University 
School of Medicine, Durham, North Carolina) 

The various amino acids are oxidized to different extents and at 
different rates by ‘“‘resting’”’ Bacillus proteus in 0.05 mM phosphate 
buffer at pH 7.8. Leucine, phenylalanine, and methionine are 
oxidized most rapidly and utilize only 1 atom of oxygen per mole- 
cule. Serine, alanine, and proline are next and utilize 3, 4, and 5 
atoms of oxygen respectively. Tyrosine and tryptophane are 
oxidized more slowly, with the utilization of 2 and 3 atoms of oxy- 
gen respectively. Valine, isoleucine, oxyproline, and histidine are 
oxidized very slowly and no definite oxygen uptakes could be 
measured. The values for the oxygen uptakes are independent 
within limits of the amount of proteus present. Deamination 
occurs in all cases and CQO, is produced only with serine, alanine, 
- tryptophane, and proline. The relative rates of methylene blue 
reduction are different from the oxidation rates. Beginning with 
the most rapid the order is as follows: proline, serine, isoleucine, 
leucine, valine, histidine, oxyproline, alanine, phenylalanine, tryp- 
tophane, methionine, and tyrosine. Only the natural optical iso- 
mers are attacked. 0.005 m KCN completely inhibits the oxida- 
tion of all these amino acids. 
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A TAXONOMIC STUDY OF THE DISTRIBUTION OF VITAMINS A AND 
D IN ONE HUNDRED SPECIES OF FISH 


By CHARLES E. BILLS, FRANCIS G. McDONALD, O. N. MASSEN- 
GALE, MIRIAM IMBODEN, HELEN HALL, W. D. 
HERGERT, anv J. C. WALLENMEYER 


(From the Research Laboratory, Mead Johnson and Company, Evansville, 
Indiana) 

Assays for vitamins A and D were made on the liver or body 
oils of 100 species, representing seventeen zoological orders. Liver 
oils were more potent than body oils. For a given species, there 
was no predictable relationship between the vitamin A and D 
potencies. In general, but with many exceptions, liver oils rich 
in one vitamin tend to be rich in the other, and the potency in both 
tends to vary inversely with the oil content of the liver. The 
theory that the soft boned species contain but little vitamin D was 
confirmed. Nevertheless, the only species whose livers yielded 
no measurable amount of vitamin D were the gray sole and the 
sturgeon. The basking shark, despite its surface feeding, showed 
no vitamin A in its liver oil, and very little vitamin D. 

The taxonomie study revealed that the highest concentrations 
of both vitamins were in species of the order Percomorphi (mack- 
erels, tunas, sea-basses, swordfish). A new form of vitamin D was 
discovered in the bluefin tuna. Next below the percomorphs in 
potency came the species of the order Cataphracti (rockfishes, 
sculpins, ete.). The Heterosomata (halibut and other flatfishes) 
predominated in vitamin A; the Holconoti (viviparous perches) 
in vitamin D. The lower orders were generally poor in vitamin D. 
Three-quarters of all the liver oils was more potent than cod liver 
oil in vitamin D, and nearly all surpassed it in vitamin A. Numer- 
ous percomorph oils were 100 to 400 times more potent than cod 
liver oil in either or both vitamins. 
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HYPERSIDEREMIA FOLLOWING THE ORAL ADMINISTRATION OF 
IRON* 


By FRANKLIN C. BING, RAMON F. HANZAL, anp 
VICTOR C. MYERS 


(From the Department of Biochemistry and the Institute of Pathology, School 
of Medicine, Western Reserve University, Cleveland) 

The absorption of iron from the alimentary tract was studied in 
dogs by estimation of the non-hemoglobin iron of the blood serum. 
Two methods of analysis were used. It was observed that the 
total iron of the serum, when corrected for the sm&All amount of 
hemoglobin usually present, was equal to the inorganic iron of 
the serum of both fasting dogs and those given inorganic iron salts. 
The amount of iron in the serum of dogs in the postabsorptive 
state varied between 100 and 200 micrograms of Fe per 100 ce. 
Constant values were observed during fasting. Following the oral 
administration of ferrous chloride, in doses equivalent to 2.5 to 
5.0 mg. of Fe per kilo of body weight, the non-hemoglobin iron of 
the serum increased. In 1 hour the rise was definite and in 3 to 4 
hours peak values of 300 to 550 micrograms per 100 cc. were ob- 
served. The concentration of iron then slowly decreased and in 
12 to 24 hours, depending on conditions, returned to the fasting 
level. The oral administration of ferrum reductum also resulted 
in a rise and a fall of the serum iron. 

From the results obtained it is concluded that inorganic iron is 
absorbed from the alimentary tract into the blood stream where it 
circulates as inorganic iron in the plasma. 


ON THE ORIGIN OF CREATINE. IV 


By RICHARD J. BLOCK ann ERWIN BRAND 


(From the Department of Chemistry, New York State Psychiatric Institute 
and Hospital, New York) 


A relationship of glycine to creatine formation was shown by 
the zn vivo experiments of Brand, Harris, and their collaborators.' 


* Aided by Grant 209 from the Committee on Therapeutic Research, 
American Medical Association. 

! Brand, E., Harris, M. M., Sandberg, M., and Ringer, A. I., Am. J. 
Physiol., 90, 296 (1929). Harris, M. M., and Brand, E., J. Am. Med. Assn., 
101, 1047 (1933). Brand, E., and Harris, M. M., Science, 77, 589 (1933). 
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On the other hand, the reports of Abderhalden and Buadze? indi- 
cated that the incubation of histidine, hydantoin, purines, pyrimi- 
dines, and nucleic acid with hashed tissue (liver, kidney, brain, 
muscle, etc.) results in an augmentation of the total creatinine as 
determined by the Folin method. 

The latter experiments were reinvestigated. Muscle, kidney, 
liver, and brain were obtained from freshly killed rats and guinea 
pigs. The hashed tissues alone or in combination with each other 
were incubated for 24 or 48 hours at 37° with the following com- 
pounds and various mixtures of them: arginine, ornithine, glycine, 
histidine, adenine, nucleic acid, hydantoic acid, hydantoin, methyl- 
hydantoic acid, methylhydantoin, and guanidoacetic acid. Ex- 
periments, controls, and blanks were carried out in triplicate. The 
creatinine was determined photometrically’ on the protein-free 
filtrates prepared according to Rose.* 

Contrary to the findings of Abderhalden and Buadze,? no in- 
crease in the total creatinine over the controls or blanks was 
observed in any of these experiments. In several cases, notably 
with liver, incubation at 37° resulted in a decrease in the amount 
of total creatinine. 


CHOLESTEROL IN MUSCLE 


By W. R. BLOOR ann RUTH H. SNIDER 


(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 


Muscles may be grouped according to their cholesterol content. 
Skeletal muscle, such as that of the front and hind limbs, has the 
lowest cholesterol content of all muscles; in fact, of all tissues, not 
excepting the blood. It averages about 0.06 per cent of the moist 
weight or 0.25 per cent of the-dry weight and does not vary much 
for the same muscle with species or use, while the phospholipid 
content of the muscle varies with use. The phospholipid to chol- 
esterol ratio is therefore generally higher in the trained muscle 


* Abderhalden, E., and Buadze, S8., Z. ges. exp. Med., 65, 1 (1929); 66, 
635 (1929). 

> Kassell, B., J. Biol. Chem., 100, Iviii (1933). Brand, E., Cahill, G. F., 
and Harris, M. M., J. Biol. Chem., 109, 69 (1935), cf. foot-note 3. 

‘Rose, W. C., Helmer, O. M., and Chanutin, A., J. Biol. Chem., 76, 
544 (1927). 
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than in the untrained one. ‘Those muscles which are more directly 
concerned with the life processes of the animal, such as those of 
the jaw or diaphragm, or its equivalent, and the heart, have a 
considerably higher cholesterol content than the skeletal muscles, 
Cholesterol of the jaw and diaphragm muscle averages about 0.35 
per cent of the dry weight; the heart about 0.65 percent. Involun- 
tary muscles, such as those of the stomach in mammals or the 
gizzard in birds, are characterized by a relatively high cholesterol, 
averaging 0.60 per cent, together with a low phospholipid and a 
consequently low phospholipid to cholesterol value. 


SERUM PHOSPHATASE, BILIRUBIN, AND CHOLESTEROL IN 
EXPERIMENTAL JAUNDICE 


By AARON BODANSKY anp HENRY L. JAFFE 
(From the Laboratory Division, Hospital for Joint Diseases, New York) 


Continuing our investigation of hepatogenic, as distinguished 
from osteogenic or hematogenic increase of serum phosphatase, 
we ligated the common bile duct in young dogs. Their diet con- 
tained commercial biscuit, bread, and milk; they refused meat 
and liver after the first 2 weeks. The dogs lost weight; moderate 
anemia developed. The values reported were among those fol- 
lowed in two dogs. 

First Phase, Lasting About 1 Month—Serum phosphatase reached 
150 and 240 units per 100 cc., respectively (80 times the initial 
values); cholesterol 360 and 470 mg.; and bilirubin 10 mg. 

Second Phase, Lasting About 2 Months—Phosphatase decreased 
to 30 and 140 units per 100 cc., respectively; cholesterol to 90 and 
190 mg.; and bilirubin to 0.2 and 2.5 mg. The aversion for meat 
and liver diminished somewhat; after eating some liver one dog 
developed ascites and edema, which disappeared again on a bread 
and milk diet. 

The beginning of a third, terminal phase was indicated by great 
increases of phosphatase, bilirubin, and cholesterol. 

The experiment was terminated in one dog before this ultimately 
fatal phase advanced to changes reported elsewhere. In this dog 
we found a small duodenal ulcer and definitely but not strongly 
jaundiced mucous surfaces, subcutaneous tissues, and abdominal 
fasciez. The liver was small, and appeared granular on cut sur- 
faces; cirrhotic changes and some degeneration, but no necrosis, 
appeared in stained frozen sections. 
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OBSERVATIONS ON THE ORIGIN OF CREATINE 


By MEYER BODANSKY 


(From the Department of Pathological Chemistry, School of Medicine, Uni- 
versity of Texas, and the Laboratories of the John Sealy Hospital, 
Galveston) 


Of a number of alleged precursors of creatine, glycocyamine 
(Hoffmann-La Roche) was the only compound which produced a 
creatinuria in any way comparable to that obtained when creatine 
itself was fed. The albino rat served as the experimental animal 
and the various substances were administered by stomach tube. 

Glycine increased the creatine output, but it required from 10 to 
20 times the glycocyamine or creatine dose to produce a significant 
effect. A smaller and even more variable effect was obtained with 
alanine, while the results with histidine and glutamic acid were 
usually negative, except for a slight increase observed occasionally. 

Contrary to certain reports in the literature, arginine, aspartic 
acid, cystine, and tyrosine produced no effect on the creatine excre- 
tion. The results with choline, betaine, sarcosine, guanidine, 
guanidine carbonate, methylguanidine, and creatone (oxalylmeth- 
ylguanidine) were likewise negative. ‘The creatinine output re- 
mained remarkably constant in all the experiments. 

The creatinuria resulting from glycine is not offered as proof of 
the origin of creatine from this amino acid. 


PROPERTIES OF HORMONES IN THE FEMALE URINE 


By D. E. BOWMAN, J. P. VISSCHER, anp JAMES W. MULL 


(From the Department of Biology and the Laboratory of the Maternity Hos- 
pital, Western Reserve University, Cleveland) 

Commercial antuitrin, from the pituitary gland, reduces oxida- 
tion-reduction dyes in the upper scale, particularly o-chlorophenol 
indophenol in neutral solution. Using this property, exhibited by 
the pure antuitrin preparations of Dr. Wallen-Lawrence, as a test, 
we have studied the presence of antuitrin in the female urine as a 
possible test for pregnancy. By methods of extraction and con- 
centration suitable for the purpose, over 100 specimens from preg- 
nant, non-pregnant, and doubtful cases have been examined, the 
latter being checked against the Aschheim-Zondek method. 

Detectable quantities of antuitrin were found in urine in 90 per cent 
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or more of the pregnant cases, none in the normal non-pregnant, but 
it was present in a few of the doubtful, though non-pregnant, cases. 
These caused mature follicles and enlargement of the uterus in the 
Aschheim-Zondek test animals, but no ruptured follicles or corpus 
luteum. An antuitrin test was also obtained in a majority of 
urines containing pathological amounts of protein. This may be 
an error due to the interference of protein, in non-pregnant speci- 
mens, or may be merely the result of kidney damage. ; 

Injection, either of commercial or our extracted antuitrin, into 
a rat produces mature unruptured follicles and enlarged uterus, 
but no corpus luteum. Antuitrin-S, on the other hand, gives a 
typical Aschheim-Zondek reaction and its presence in urine is prob- 
ably an indication of pregnancy. It will reduce oxidation-reduc- 
tion dyes, under suitable conditions, but must be separated from 
antuitrin before the test can be applied. 


THE RELATION OF AMMONIA SECRETION TO THE ACID-BASE 
- BALANCE OF THE URINE IN DIFFERENT TYPES 
OF NEPHRITIS 


By A. P. BRIGGS 


(From the Department of Internal Medicine, St. Louis University School 
of Medicine, St. Louis) 

A study has been made of the relation between the secretion of 
ammonia and the excess of acid over fixed base, in the urine of 
normal individuals and patients with different types of nephritis. 
Interest centers chiefly on the excessive secretion of ammonia 
which accompanies the nephrotic syndrome, its possible relation 
to functional activity of the kidney, and to the problem of edema. 


THE RELATION OF ADENINE NUCLEOTIDE TO HEMOGLOBIN, 
HEMATOCRIT, AND RED CELL COUNT IN HUMAN BLOOD 


By MARY V. BUELL 
(From the Chemical Division, Department of Medicine, the Johns Hopkins 
Hospital and the Johns Hopkins University, Baltimore) 

A study has been made by the Buell method of the adenine 
nucleotide content of the blood of 100 anemic patients, 100 normal 
individuals, and a few suffering from polycythemia. Morphologi- 
cally and etiologically the anemias comprised an extraordinary 
variety, of varying degrees of severity, in various stages of treat- 
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ment. ‘Those cases were excluded which were known to be asso- 
ciated with leucemia, carcinoma, nephritis, diabetes, and liver 
disease; otherwise no selection of data has been made. The 
extreme limits of hemoglobin concentration observed were 2.5 
and 25 gm. per cent. 

The nucleotide has been correlated with (1) red cell count, (2) 
hematocrit, and (3) hemoglobin. No matter what the type, or 
cause or severity of the condition, the relation of the nucleotide to 
each of these three factors was unmistakable and remarkably con- 
stant over a wide range. The correlation coefficient of nucleotide 
with red cell count was +0.723, with hematocrit +0.888, and 
with hemoglobin +0.898. Obviously the correlation of nucleotide 
with red cell count is secondary to its correlation with hematocrit 
or hemoglobin. 

Whether the primary association is between nucleotide and 
hemoglobin or between nucleotide and hematocrit cannot be con- 
cluded dogmatically. A partial correlation coefficient between 
nucleotide and hemoglobin, in which the hematocrit was held 
constant, was found to be +0.40. This observation, based on 204 
cases, lends support to the theory of a possible association between 
hemoglobin and nucleotide. 


THE METABOLISM OF GLYCINE AND ALANINE 
By JOSEPH S. BUTTS ann MAX S. DUNN 


(From the Department of Biochemistry, University of Southern California 
School of Medicine, and the Department of Chemistry, University of 
California at Los Angeles, Los Angeles) 

This is the first of a series of experiments in which the glycogenic 
action and the ketolytice or ketogenic ability of the various amino 
acids prepared by one of us (M.S.D.) are investigated. When 
glycine or dl-alanine was fed in amounts corresponding with the 
carbon atoms to fasting male rats, no rise in glycogen content over 
the control level was observed in the first case, while a definite 
rise in liver glycogen occurred 8 hours after alanine. 

The administration of glycine to fasting rats in which a keton- 
uria was induced by the administration of sodium acetoacetate 
according to the procedure of Butts and Deuel,® was much less 


* Butts, J. S., and Deuel, H. J., Jr., J. Biol. Chem., 100, 415 (1933). 
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effective than glucose in bringing about a decrease in the excretion 
of acetone bodies. On the other hand dl-alanine showed a greater 
ketolytic activity than glycine, but somewhat less than glucose. 
Studies are in progress to compare the behavior of the d and l 
isomers of alanine. 


THE ABSORPTION OF GLUCOSE AND GALACTOSE FROM THE 
INTESTINE OF THE DOG 


By F. A. CAJORI ann WALTER G. KARR 


(From the Department of Physiological Chemistry, School of Medicine, Uni- 
versity of Pennsylvania, Philadelphia) 

The rates of absorption of glucose and galactose from Thiry 
loops of the jejunum in dogs have been studied. When solutions 
containing both these sugars were inserted into the loop, glucose 
was absorbed more rapidly than galactose, the total carbohydrate 
absorption being about the same as when the sugars were given 
separately. However, no difference was found in the rate of 
absorption of glucose and galactose when they were administered 
separately. 

There was no indication that in the presence of phosphates, the 
rate of glucose, galactose, or fructose absorption was increased. 
These results, which are contrary to those reported by Magee and 
Reid,* are of interest in view of the hypothesis that the mechanism 
of sugar absorption involves phosphorus compounds. ‘The rate 
of sugar absorption was not changed in the presence of sulfate or 
chloride. 

3 to 1 hour following the administration of isotonic solutions, 
the osmolar concentration of the loop contents remained close to 
the accepted value for dog blood. Water was not absorbed as 
rapidly as sugar, the absorbed sugar being replaced by chloride.. 
When the solutions introduced into the intestinal loop had an 
osmotic pressure twice that of blood, an hour’s time was hardly 
sufficient for the attainment of osmotic equilibrium. Analysis 
showed, however, that chloride had entered the hypertonic 
solution. 


6 Magee, H. E., and Reid, E., J. Physiol., 73, 163 (1932). 
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SOME ANALYSES OF SAMPLES OF BENCE-JONES PROTEIN 
By HERBERT O. CALVERY anp RICHARD H. FREYBERG 


(From the Departments of Physiological Chemistry and Internal Medicine, 
Medical School, University of Michigan, Ann Arbor) 


Duplicate analyses were made of different samples of Bence- 
Jones protein from one individual by some of the standard methods 
for protein analysis and the following average percentage values 
have been found: total N 18.1, amino N (per cent of total N) 
78.7, P none, S 1.0, amide N 5.6, humin N none, melanin N none, 
tyrosine 6.8, tryptophane 2.5, cystine 3.0, arginine 5.1, histidine 
1.1, lysine 6.8. The nitrogen values are calculated as per cent 
of the total nitrogen, while all other values are expressed as per 
cent of the ash- and moisture-free protein. Further analyses will 
be made as future samples are available in order to determine, if 
possible, whether all samples are similar in composition. 


CHEMICAL ANALYSIS OF TYPE II PNEUMOCOCCUS SPECIFIC 
PRECIPITATE 


By HERBERT O. CALVERY, MICHAEL HEIDELBERGER, anp 
FORREST E. KENDALL 


(From the Department of Physiological Chemistry, Medical School, Uni- 
versily of Michigan, Ann Arbor, and the Department of Biochemistry, 
College of Physicians and Surgeons, Columbia University, 

New York) 

Two samples of Type II pneumococcus specific precipitate were 
mixed, ground to a powder, and passed through an 80 mesh sieve. 
The following analyses were then made (the values are expressed 
as per cent of the ash- and moisture-free protein): total N 16.0, 
amino N after acid hydrolysis (as per cent of total N) 75.1, P 
none, 8 1.2, amide N 3.6, humin N 0.12, melanin N 0.50, tyrosine 
5.5, tryptophane 2.0, cystine 3.1, arginine 5.5, histidine 1.1, 
lysine 4.8. The ash content was only 0.17 per cent and the mois- 
ture averaged 6.1 per cent. The nitrogen figures are expressed 
in terms of total nitrogen. Other specific precipitates are being 
analyzed. 
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SOME ANALYSES OF CRYSTALLINE PEPSIN 


By HERBERT O. CALVERY, R. M. HERRIOTT, anv 
J. H. NORTHROP 


(From the Laboratory of Physiological Chemistry, Medical School, Uni- 
versity of Michigan, Ann Arbor, and The Rockefeller Institute 
for Medical Research, Princeton) 

Crystalline pepsin was prepared by the usual method, dialyzed 
free of sulfates at 10°, and a part of it immediately heat-coagulated 
at pH 4. A fraction (20 per cent) remained in solution, the sig- 
nificance of which we wished to determine. Consequently analy- 
ses have been made of some of the original uncoagulated dialyzed 
fraction, the heat-coagulated fraction, and the soluble residue from 
the coagulated material. Analyses for arginine, histidine, lysine, 
tyrosine, tryptophane, and cystine have been made and some 
striking differences have been observed, particularly in the tyrosine 
and cystine contents of these fractions. 


PEPTIC HYDROLYSIS OF EGG ALBUMIN 


By HERBERT O. CALVERY anp ELLEN D. SCHOCK 


(From the Department of Physiological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 

In a previous investigation of the action of pepsin and other 
enzymes on crystalline egg albumin it was postulated that the old 
theory that long chain peptides were the major products of the 
action of pepsin on proteins is probably incorrect. During the 
past 2 years further evidence has been found to support this 
postulate. Fractionations of peptic hydrolysis products have 
been made in various ways and both chemical and enzymatic 
studies were carried out on the fractions. As a result another 
fact has been established which has been reported by other investi- 
gators but has not been strongly enough emphasized, and that is 
that free amino acids are liberated during peptic digestion of 
proteins. It is believed that this is not due to the acid which is 
necessary for peptic action. 

One of the methods used was dialysis, whereby three fractions 
were obtained. Each of these fractions, as well as the original 
solution, has been analyzed for total N, amino N, arginine, histi- 
dine, lysine, tyrosine, tryptophane, and cystine and some differ- 
ences have been noted. 
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THE RATE OF CHANGE OF ALKALI RESERVE AFTER INGESTION 
OF SALTS OF ORGANIC COMPOUNDS 


By JANE CAPE 


(From the Department of Physiological Chemistry, Medical School, 
University of Wisconsin, Madison) 

A previous paper from this laboratory reported studies showing 
that the influence of ingesting a 6 gm. dose of sodium citrate or its 
equivalent of sodium bicarbonate upon the acid-base condition 
of the blood is neither prolonged nor marked. 

The investigation has been continued in order to determine 
what effects, if any, the ingestion of larger amounts of sodium 
citrate exerted on the acid-base balance. Preliminary observa- 
tions were made on a few normal subjects under basal conditions 
to determine the effect of ingesting 12 gm. of sodium citrate. 
Another series on six subjects was made to ascertain effects of a 
20 gm. dosage. 

The levels for all three values, pH, COs, and total base, in these 
observations where 12 gm. were used showed no significant 
variations. 

The maximum response varied from 90 minutes to 2 hours with | 
different individuals on the 20 gm. dosage. The CQO, content 
increased on the average of 9.3 volumes per cent; for pH, 0.07 to 
0.09; whereas the total base remained more constant or within 
the range of normal variations, as determined by the authors in 
a previous paper. 


THE THYROXINE AND IODINE CONTENT OF NORMAL AND 
PATHOLOGICAL THYROGLOBULIN 


By J. W. CAVETT, CARL O. RICE, anp J. F. MCCLENDON 


(From the Laboratory of Physiology and the Department of Medicine, 
University of Minnesota, Minneapolis) 

Thyroid glands were classified clinically and histologically, and 
thyroglobulin was isolated and purified by the method of Cavett 
and Seljeskog. Van Slyke nitrogen distribution with direct histi- 
dine determination does not show a difference between thyro- 
globulins from normal and pathological glands but the latter are 
lower in thyroxine. The thyroglobulin obtained at autopsy from 
groups of glands (weighing 15 to 40 gm. each) from normal cases 
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in which no iodine medication had been used averaged 0.33 per 
cent thyroxine. The pathological glands were obtained at opera- 
tion. Colloid goiters without iodine medication contained about 
0.015 per cent thyroxine, whereas after 4.4 gm. of iodine (as 
Lugol’s solution) were given preoperatively, only 0.082 per cent 
thyroxine was found in the thyroglobulin. The thyroglobulin 
from adenomatous goiters, whether iodine medication was used 
or not, contained less thyroxine than that of normal thyroglobulin. 
All exophthalmic cases received iodine preoperatively but the 
thyroxine content of the thyroglobulin was lower than normal. When 
classified according to thyroxine content of thyroglobulin, the 
colloid, adenomatous, and exophthalmiec goiters show no dis- 
tinctive character, the only difference being whether they were 
from patients given iodine medication or not, despite the great 
difference in total iodine content as shown in the following: 

Total iodine of the thyroglobulin of “normal” glands averaged 
0.39 per cent; of colloid goiters without medication, 0.045 per 
cent; with 4.4 gm. of iodine medication, 0.25 per cent; from 
adenomas without medication, 0.07 per cent; with medication, 
0.2 to 0.4 per cent; exophthalmic goiters, 0.2 to 0.57 per cent; 
whereas in “‘normal”’ thyroids half, in goiters less than one-third, 
of the thyroglobulin-iodine is thyroxine-iodine and iodine medica- 
tion of goiters causes formation of diiodotyrosine or some other 
non-thyroxine thyroglobulin constituent. 


RENAL FUNCTION STUDIES IN PARTIALLY NEPHRECTOMIZED 
RATS 


By ALFRED CHANUTIN ano STEPHAN LUDEWIG 
(From the Laboratory of Physiological Chemistry, University of Virginia, 
University) 

The results obtained in a modified urea clearance test and a 
concentration test were compared in partially nephrectomized 
rats fed diets containing 10, 20, 40, and 80 per cent whole dried 
meat as the source of protein. The ‘urea test’? was found to be 
a good indicator of the degree of kidney damage. The urinary 
specific gravity served as a good qualitative measure of kidney 
function. The blood urea concentration increased markedly in 
these animals only after the “urea ratio’? was lowered. There 
was a definite tendency toward higher volumes of urine during the 
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concentration test with the low “urea ratios.’”’ There was no 
relationship between the degree of proteinuria and the kidney 
function. The time required to reduce the “urea ratio’’ was 
affected by the amount of meat in the diet. Those animals receiv- 
ing diets containing 10 per cent meat had the best kidney function 
as judged by the “urea ratio’’ and the concentration test. 


CHEMICAL AND IMMUNOLOGICAL PROPERTIES OF THE VARIOUS 
FRACTIONS OF THE BACILLUS CALMETTE-GUERIN (BCG)* 


By ERWIN CHARGAFF anp WERNER SCHAEFER 
(From the Pasteur Institute, Paris, France) 


In continuation of previous work on the chemistry of BCG, 
the chemical and serological properties of the various fractions 
were studied. Among the lipid fractions (fat, phosphatide, wax) 
the phosphatide alone showed a very distinct immunological 
activity. This substance is in many respects very similar to the 
phosphatides prepared by R. J. Anderson and his collaborators 
from pathogenic acid-fast bacteria. It is an ester of a phos- 
phorylated mannose-containing polysaccharide with palmitic 
acid and liquid saturated fatty acids of high molecular weight. 

This phosphatide, when injected into animals, acted as a true 
antigen and produced antibodies. It also reacted with anti-BCG 
horse serum, as shown by complement fixation tests. In this 
way 0.3 microgram of the phosphatide, which is not type-specific, 
could still be demonstrated. It was shown by chemical fraction- 
ation experiments that this activity was not due to impurities 
adhering to the phosphatide, but that the phosphatide itself was 
the antigen. 

Polysaccharide preparations from BCG were likewise examined. 
The polysaccharides extracted from the defatted bacteria by 
means of phosphate buffers or dilute acetic acid were found to 
act as haptenes, giving precipitates with anti-BCG horse sera up 
to a dilution of 1:1,000,000. Antibodies were not produced. 
Another polysaccharide which accompanies the lipids extracted by 
alcohol-ether (corresponding to Anderson’s Fraction A-8) was 
devoid of any serological activity. 


* Aided by a grant to one of the authors (E. C.) from the Rockefeller 
Foundation. 
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A METHOD FOR THE DETECTION AND DETERMINATION OF 


CARBON MONOXIDE IN AIR 


By A. A. CHRISTMAN anp WALTER D. BLOCK 


(From the Department of Physiological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 

Concentrations of carbon monoxide in air ranging from 0.02 
to 0.06 per cent may be determined with an accuracy of +5 per 
cent with a 500 cc. sample of air. Higher concentrations of carbon 
monoxide may be determined with the same accuracy by the use of 
smaller samples of air. 1 part of carbon monoxide in 25,000 parts 
of air (0.004 per cent) may be qualitatively detected. The 
determination is based on the reduction of palladium chloride to 
metallic palladium by carbon monoxide and the determination 
of the excess palladium chloride by a colorimetric procedure. 


CONDITIONS INFLUENCING THE STORAGE OF VITAMIN A IN 
THE RAT 


By 8. W. CLAUSEN anp A. B. McCOORD 


(From the Department of Pediatrics, The University of Rochester School of 
Medicine and Dentistry, Rochester, New York) 

Among the various factors which might influence the storage of 
vitamin A in the rat, chloroform poisoning has been studied. 
When the test animals are first severely poisoned with chloroform 
and then given a massive dose of vitamin A in the form of haliver 
oil 48 hours later, the amount of vitamin A recovered from their 
tissues is sometimes less than that of their controls, apparently 
owing to faulty absorption through the injured intestinal walls. 
On the other hand, if the vitamin A is administered first, and the 
rats poisoned with chloroform 24 hours later, no destruction in 
the vitamin occurs. 

In agreement with the recent work of Baumann, Riising, and 
Steenbock, it is found that the more extreme the vitamin A de- 
pletion of rats, the less the amount of a large dose of vitamin A 
recovered from their livers. Extending the work of these authors, 
we have found that the loss is also reflected in the lungs of the 
rats, but the quantities of vitamin A recovered in the adrenals are 
far above those in less severely depleted rats. This latter fact 
seems to indicate that the compound may be absorbed and may 
not undergo excessive destruction in the digestive tract. 
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Preliminary experiments indicate that vitamin A is destroyed 
when rats are subjected to artificial fevers, the initial loss taking 
place in the lungs and adrenals. 


ACTION OF CERTAIN OXIDATIVE STIMULANTS AND DEPRESSANTS 
ON RESPIRATION AND CELL DIVISION 


By G. H. A. CLOWES anp M. E. KRAHL 


(From the Lilly Research Laboratories, Eli Lilly and Company, Indian- 
apolis, and the Marine Biological Laboratory, Woods Hole) 

4 ,6-Dinitro-o-cresol at a concentration of 5 X 10-* mM exerts a 
maximum stimulation of respiration in sea urchin eggs amounting 
to some 400 per cent in fertilized and 600 per cent in unfertilized 
eggs. At this concentration the division of fertilized eggs is 
markedly retarded and at higher concentrations suppressed with- 
out, however, any injury to the eggs which, even after several 
hours exposure to higher concentrations of the reagent, continue 
division in a normal manner when returned to sea water. Cya- 
nides, which both lower respiration and block division, act an- 
tagonistically to 4,6-dinitro-o-cresol so far as respiration is con- 
cerned but additively so far as the block to division is concerned. 
When egg development is blocked by 4,6-dinitro-o-cresol, the 
great majority of eggs is found on examination to have reached 
the early prophase of division, but they differ from normal eggs 
in the early prophase in that the nucleus is spherical in form and 
the membrane does not show any signs of commencing disinte- 
gration, in spite of the fact that the chromosomes are easily recog- 
nizable and fully as large and as clearly stained as are the chromo- 
‘somes in normal prophase. A similar tendency to a block in the 
early prophase is observed with concentrations of cyanide high 
enough to inhibit development-but not to cause destruction of the 
egg. 


THE SOLVENT ACTION OF NEUTRAL SALTS UPON PEPTIDES IN 
SOLUTIONS OF LOW DIELECTRIC CONSTANT 


By EDWIN J. COHN, THOMAS L. McMEEKIN, anp 
JESSE P. GREENSTEIN 
(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 
The principle of the ionie strength, first deduced from the study 
of globulins, although adequate for the deseription of interionic 
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forces, in dilute aqueous solution, does not generally suffice for 
the description of the solvent action of neutral salts upon amino 
acids and peptides in solvents of high dielectric constant. Specific 
salt effects are manifested at far lower ionic strengths in the inter- 
action of ions and zwitter ions than of ions with each other. 

The principle of the ionic strength is adequate to describe the 
‘behavior of peptides in such alcohol-water mixtures that the ratio 
(D/D® log N/N’)/((D°/D) pz) is independent of the dielectric con- 
stant. The solvent action of salts on the peptides of glycine and 
upon lysylglutamic acid has been studied under these conditions 
The ratios calculated quantitatively measure the electrostatic 
forces due to these peptides. They are greater the greater the 
electric moment of the zwitter ion, and the greater the ionic 
strength of the solution, as demanded by the theories of Scatchard 
and Kirkwood. 


IODINE BALANCE STUDIES ON THE WHITE RAT 


By VERSA V. COLE ann GEORGE M. CURTIS 


(From the Department of Medical and Surgical Research, the Ohio State 
University, Columbus) 


Iodine balance studies are reported on normal rats, on rats 
receiving thyrotropic hormone, and on thyroidectomized rats. 
Adult male rats were used throughout. 4 day metabolism periods 
were used. Three to six consecutive periods were run on each 
group of rats. Thyrotropic hormone was prepared from. beef 
pituitaries by Loesser’s method. The material was given intra- 
peritoneally daily to one group of rats and another group of rats 
was totally thyroidectomized. Carbon dioxide output was fol- 
lowed on all three groups of rats. At the end of each experiment, 
the animals were sacrificed. Thyroids from those not previously 
thyroidectomized were removed. One-half of each thyroid was 
used for hjstological sections, and one-half for iodine analysis. 
The remainder of the animal was dried and ground and a sample 
taken for iodine analysis. Hyperplasia and low iodine content of 
the thyroid were taken as evidence of hyperthyroidism. A com- 
parison of the iodine balance and a discussion of the relationship 
of the thyroid to iodine metabolism are presented. 
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FACTORS INFLUENCING THE CREATINE CONTENT OF THE 
MUSCLES 


By RALPH C. CORLEY, ALICE W. KRAMER, ann PAUL A. WOLF 


(From the Division of Biochemistry, Department of Chemistry, Purdue 
University, West Lafayette) 

Others have found it quite difficult to affect the creatine content 
of the muscles of healthy animals by dietary means, other than 
by the administration of creatine itself. The influence of other 
substances is controverted. It would appear that a profitable 
method of attack on the origin of creatine would be to study the 
influence of the possible precursors or relatives of creatine in 
animals treated with substances found to alter consistently the 
creatine of the tissues. 

We have therefore studied the effect on the creatine of the 
muscles of white rats of substances which have been reported to 
influence the creatine of tissues or to influence the excretion of 
creatine, or which by induction or analogy might be expected to 
be of influence. We have rechecked the effect of fasting and of 
diets of varying protein content. We have studied the influence 
of the administration, respectively, of parathormone, adrenalin, 
ephedrine, phosphorus, sodium fluoride, iodoacetic acid, phlo- 
rhizin, thyroid tissue, dinitrophenol, and guanidine. 

Creatine, glycine, glutamic acid, alanine, and arginine, respec- 
tively, have been fed to rats treated with phosphorus, parathor- 
mone, or ephedrine. A number of interesting correlations have 
been found. 


THE METABOLISM OF BROMINE AND OF BROMINATED FATTY 
ACIDS IN THE ANIMAL BODY 


By RALPH C. CORLEY, JOHN-T. TRIPP, anv EDITH R. NEWTON 


(From the Division of Biochemistry, Department of Chemistry, Purdue 
University, West Lafayette) 

We have been studying the metabolism of brominated fatty 
acids to learn more of the mechanism of the oxidation of fatty 
acids in the animal body. Tetrabromostearic acid, in doses of 
as much as 100 to 150 gm., has been ingested by healthy human 
subjects without deleterious symptoms. The compound is broken 
down in the body to yield in the urine a product or products con- 
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taining organically bound bromine. Isolation preliminary to iden- 
tification is in progress. 

As the carcass of a rat contains considerable amounts of organi- 
cally bound bromine after the ingestion of tetrabromostearic acid, 
it has been of interest to determine the bromine content of various 
tissues after the administration of brominated fatty acids. White 
rats have ingested, respectively, tetrabromostearic acid, dibro- 
mobehenic acid, dibromostearic acid, and potassium bromide. 

Nine tissues, including the thyroid, hypophysis, and lungs, have 
been analyzed for bromine by a recently reported accurate electro- 
metric method for the determination of bromides in the presence 
of chlorides. All the tissues contained distinctly more bromine 
than the controls. A number of interesting relationships in the 
distribution of bromine appear. 


THE INFLUENCE OF /- AND di-TRYPTOPHANE AND KYNURENIC 
ACID ADMINISTRATION ON BILE VOLUME AND 
COMPOSITION 


By JOHN T. CORRELL, CLARENCE P. BERG, anv 
DONALD W. COWAN 


(From the Biochemical and Physiological Laboratories, State University of 
Iowa, Iowa City) | 

According to Whipple and Smith, tryptophane given to bile 
fistula dogs acts as a cholagogue; also, when fed with certain 
proteins, it increases bile salt production. Appreciable quan- 
tities of kynurenic acid appear in the bile, as well as in the urine, 
after tryptophane administration (Kotake and Ichihara). We 
have undertaken to determine whether kynurenic acid production 
or excretion might be responsible, at least in part, for the chola- 
gogue effect of tryptophane administration, and also, to study the 
influence of optical configuration of tryptophane on bile volume 
and on bile salt output. 

The observations of the workers mentioned have been con- 
firmed. Apparently, dl-tryptophane, which produces less ky- 
nurenic acid than does an equal amount of l-tryptophane, is also 
less effective as a cholagogue. Further studies on the effect of 
dl-tryptophane and of kynurenic acid on bile production are in 
progress. 
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AMINO ACID CONTENT OF STAPLE FOODS 
By FRANK A. CSONKA 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 

There are recorded in the literature a large number of proteins 
which have been isolated from most of the commonly used food 
materials. In the study of these proteins consideration has here- 
tofore been given chiefly to their chemical and physical character- 
ization, and their amino acid composition. There is but little 
known regarding the relative proportions of the different proteins 
present in the various materials studied; consequently there is no 
basis upon which the amount of any given amino acid in the 
material as a whole can be estimated. The aim of the work 
described in this paper was to develop a suitable method to 
determine quantitatively the total cystine, tryptophane, histidine, 
arginine, lysine, and tyrosine content in some of the staple foods, 
and to express the values in terms of the total nitrogen in the 
material studied. Such data will find practical application in 
adjusting and correcting certain amino acid deficiencies in foods 
by proper supplementation. 

Wheat flour was successively extracted with 1 per cent sodium 
chloride solution, 65 to 70 per cent alcohol, and 20 per cent hydro- 
chloric acid at refrigerator temperature. Starch was eliminated 
from the acid extract by addition of alcohol. In this manner all 
the nitrogen in the flour was removed, and the amino acids quan- 
titatively determined. Work on other cereals and seeds is in 
progress. 


CARBAMINO COMPOUNDS AND CARBON DIOXIDE TRANSPORT 


By CORNELIUS A. DALY anp D. B. DILL 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 
Ferguson and Roughton’ find that carbamino combination of 
CO, and hemoglobin is favored by (a) diminishing oxygen, (b) 
decreasing temperature, and (c) increasing alkalinity. Evidently 
hemoglobin can combine with more CO, than with other acids or 
else carbamino formation is at the expense of HCO;-. Experi- 


7 Ferguson, J. K. W., and Roughton, F. J. W., J. Physiol., 83, 87 (1934). 
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ments of Van Slyke and Hawkins® and of Stadie and O’Brien® 
render the first alternative improbable. We have given it a 
further test by titrating Hb and HbO, solutions, freed of CO, 
by evacuation, with CO, and HCl at 0.8°, 20°, and 37.5°, using the 
glass electrode for all pH determinations. The curves from pH 
8.3 to 6.7 are identical for the two acids, the slopes are independent 
of temperature, and the effect of oxygenation is the same for the 
three temperatures, as well as for the two acids. It is clear that 
if carbamino compounds are present when equilibrium between 
CO, and Hb or HbO, is reached, an equivalent amount of HCO;- 
is sacrificed. 

Carbamino compounds appear to serve no useful physiological 
purpose unless their rapid transient formation in the capillaries 
occurs. Even here they are not essential. For example, little 
carbamino COQ, can exist at the end of exhausting exercise, because 
the pH, in venous blood may be 6.7. Yet here CO, transport may 
be 15 ee. per 100 ce. of blood or 3 times the resting rate. 


BLOOD SUGAR IN RATS IN WHICH CATARACT WAS PRODUCED BY 
A VITAMIN G-DEFICIENT DIET AND BY A LACTOSE- 
CONTAINING DIET 


By PAUL L. DAY 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Arkansas, Little Rock) 

Young rats given an adequate diet containing 60 per cent lactose 
developed cataract, as reported by Mitchell and Dodge. Rats 
receiving similar diets containing glucose, sucrose, or starch in 
place of the lactose did not exhibit lenticular changes. At inter- 
vals during the experiment blood was obtained from the tail and 
sugar was determined by the Folin micromethod. The rats 
receiving lactose showed higher sugar levels than litter mates 
receiving the other carbohydrates. This hyperglycemia tended to 
become less marked as the rats reached maturity. Since some 
authorities believe that hyperglycemia is an etiological factor in 
the development of diabetic cataract, it is possible that the mech- 
anisms for the formation of this lactose cataract and diabetic 
cataract are the same. 


® Van Slyke, D. D., and Hawkins, J. A., J. Biol. Chem., 87, 265 (1930). 
® Stadie, W. C., and O’Brien, H., Biochem. Z., 237, 290 (1931). 
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Rats rendered cataractous by a vitamin G-deficient diet did not 
have elevated blood sugar levels. The conclusion seems war- 
ranted, therefore, that abnormal carbohydrate metabolism could 
hardly be an etiological factor in the formation of the cataract 
resulting from vitamin G deprivation. 


ERRORS IN CALCULATED pH IN HEMOGLOBIN SOLUTIONS WITH 
LITTLE AVAILABLE BASE 


By D. B. DILL, W. H. FORBES, anno L. J. HENDERSON 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


Among the studies of the possible combination of CO, and hemo- 
globin made by various investigators, there is none which deals 
fully with solutions containing little available base. Margaria 
and Green!® report two experiments in which the base was low 
but their CO, pressures were not below 9 mm. 

We have performed a series of experiments upon Hb, HbO,, 
and MetHb in solutions containing very small quantities of base 
and with CO, pressures as low as 0.2 mm. There is a marked dif- 
ference under these conditions between the pH as calculated by 
the Henderson-Hasselbalch equation and as measured by the glass 
electrode—a difference amounting to 1.0 unit in extreme cases, 
the calculated pH being the higher. This was true for all three 
solutions. 

There are three alternative explanations: (1) log [BHCQ3] is 
too large or (2) log [H2COs3] is too small or (3) the value of plx’; 
decreases more and more rapidly as pCO, diminishes. The linear 
relationship between pK’; and pH reported by Margaria and Green 
did not hold for our solutions below 20 mm. of pCO,.. Similar 
experiments upon glycine solutions gave results which were of the 
same general nature, though they differed in certain particulars. 


THE FATE OF HEMOGLOBIN INJECTED INTO THE BLOOD STREAM 


By DAVID L. DRABKIN, A. H. WIDERMAN, ann H. LANDOW 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


Approximately 30 ce. samples of hemolyzed washed blood cells 
(1:4) were injected intravenously into the same dogs from which 


1 Margaria, R., and Green, A. A., J. Biol. Chem., 102, 611 (1933). 


i 
é 


Scientific Proceedings. XXIX 


the blood was obtained. The fate of the injected blood pigment 
was followed during the first 2 to 3 hours by periodic examination 
of the serum and of the urine obtained by means of catheterization. 

By means of spectrophotometry we have been able to determine 
for the first time quantitatively certain aspects of this phase of 
pigment metabolism, as well as to recognize the nature of any 
pigment changes involved. The following points were estab- 
lished: (1) The material which appeared in the urine was un- 
changed hemoglobin. (2) Upon standing exposed to air, the 
hemoglobin in the urine was converted rapidly into methemoglobin. 
(3) The concentration of pigment in the urine was such as to sug- 
gest that the excretion was dependent upon its concentration in the 
blood serum. (4) The amount of hemoglobin excreted in the urine 
was relatively small. The highest percentage eliminated in the 
urine was 9.5 of the total quantity injected. One of the animals 
consistently excreted less than 1 per cent of the pigment. The 
approximate threshold value for hemoglobin appeared to be 0.1 
milli-equivalent per liter of serum. (5) The hemoglobin which 
appeared in the urine accounted for only one-tenth of the quantity 
which left the serum during the same period. During the first 2 
hours methemoglobin formation in serum was not found. 


STUDIES OF PHENOL ESTIMATION 


I. PRELIMINARY SURVEY 
By BEATRICE G. EDWARDS 


(From the Department of Biochemistry and Pharmacology, University of 
Oklahoma Medical School, Oklahoma City) 

The Folin-Denis, diazotized p-nitroaniline and halogen reactions 
are the only well known phenol tests which can serve as general 
analytical methods. Most phenol tests are not specific, being 
given also by quinones, quinhydrones, enolic substances, amines, 
aldehydes, cyclic alcohols, or carbohydrate derivatives; and the 
less specific ones by many aromatic compounds. 

We have studied the quantitative behavior of many phenols and 
nitrogenous substances with these reagents. Phenol equivalents 
have been determined and found to be higher for the Folin-Denis 
method than the p-nitroaniline method. This difference increases 
for di- and polyphenols. Similar equivalents have been deter- 
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mined for aldehydes, amines, amino acids, cyclic alcohols, purines, 
quinhydrones, and quinones by both methods. The p-nitroaniline 
method reacts also with imidazoles, aromatic acids, and sugar 
derivatives. The lower values for phenols in biological fluids 
found by Theis and Benedict and by Marenzi with p-nitroaniline 
methods are due to lower phenol equivalents, not to greater 
specificity. 

A direct bromine titration and an indirect bromine number for 
phenols have also been studied. These estimations are even less 
specific, being affected by many enolic, unsaturated, and reducing 
substances. ‘They possess differentiating value, but their useful- 
ness as analytical reagents is limited. Lloyd’s reagent, although 
partially removing certain polyphenols from solution, is well suited 
for the preparation of analytical filtrates. Other analytical im- 
provements are the addition of gum ghatti to the p-nitroaniline 
reagents, and the replacement of phenol standards by tyrosine 
solutions, which are more easily prepared and possess greater 
stability. 


THE VITAMIN B (B,;) CONTENT OF ANIMAL TISSUES 
By C. A. ELVEHJEM, W. C. SHERMAN, ann AARON ARNOLD 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 

The distribution of vitamin B in animal tissues is of importance 
not only from the point of view of nutrition, but also because 
recent studies have indicated that vitamin B is associated with 
respiration, especially lactic acid oxidation, in certain tissues. 
Carefully prepared tissues such as brain, spinal cord, liver, lung, 
pancreas, cardiac and skeletal muscle, kidney from beef, hog, and 
sheep have been assayed. The potency is based upon the ability 
of the different preparations to prevent polyneuritis in chicks on an 
autoclaved natural ration. The activity is compared with that of 
crystalline vitamin B and standard yeast. Pork muscle, heart 
musele, and kidney are fairly rich in vitamin B. Beef muscle, 
mutton muscle, brain, and lung are very low in this factor. There 
is no correlation between the vitamin content and rate of respira- 
tion of the different types of tissue. The effect of canning upon 
the destruction of vitamin B has been determined. As high as 80 
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per cent of the vitamin present may be destroyed under the more 
drastic methods of commercial canning. 


LIPID AND MINERAL DISTRIBUTION BETWEEN THE RED BLOOD 
CELLS AND PLASMA IN NORMAL CHILDREN AND IN 
ANEMIAS OF CHILDHOOD 


By BETTY NIMS ERICKSON, FRANCES COPE, HELEN R. 
STERNBERGER, PEARL LEE, THOMAS B. COOLEY, 
AND ICIE G. MACY 


(From the Research Laboratory of The Children’s Fund of Michigan and the 
Children’s Hospital of Michigan, Detroit) 

Some of the anemias of childhood, namely sickle cell, erythro- 
blastic, hemolytic icterus, and hypochromic, and occasional cases 
of pernicious and hypochromic anemias of adults have been inves- 
tigated through detailed hematological, chemical, and physico- 
chemical studies. The gasometrie microlipid methods of Van 
Slyke and coworkers have been applied in studying the distribution 
of total lipids, neutral fat, cholesterol, cholesterol esters, and phos- 
pholipids in the red blood cells and plasma of anemic and normal 
individuals. 

These observations are accompanied by determination of so- 
dium, potassium, and chloride in the erythrocytes and plasma; and 
by respiratory, cataphoretic, and fragility studies of the red cells. 

The results to date indicate strikingly elevated values of total 
lipids and phospholipids in the cells of sickle cell and erythroblastic 
anemias as contrasted with low values in hypochromic and perni- 
cious anemias. No significant differences have been found in the 
lipid distribution of the plasma of any of the blood dyscrasias 
observed except pernicious anemia, where the cholesterol and 
cholesterol esters are very low. 

Attempts are being made to relate the chemical composition of 
the cells and their environment to properties such as resistance to 
hemolysis, permeability, velocity, respiration, and abnormal hema- 
tology with the objective of gaining information about the chemical 
structure of the red cell. 
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THE DETERMINATION OF IRON IN BIOLOGICAL MATERIALS 
By G. E. FARRAR, Jr. 


(From the Thomas Henry Simpson Memorial Institute for Medical Research, 
Ann Arbor) 


The difficulty encountered by many authors in the analysis of 
iron in biological materials has been experienced in this laboratory. 
The following methods of estimation have been tested: (1) that 
proposed by Elvehjem which eliminates the interference of pyro- 
phosphates with the ferrie thiocyanate color formation by hydro- 
lyzing the solution with sodium hydroxide; (2) Hanzal’s method 
which removes interfering substances by means of a cupferron 
precipitation and develops a color with thioglycolic acid; (3) Lint- 
zel’s procedure which separates the excess of phosphates by pre- 
cipitating the iron as ferric phosphate; (4) the method advocated 
by Stugart which in utilizing small aliquot portions (0.01 mg. of 
iron) avoids the effect of orthophosphates and causes hydrolysis 
of the pyrophosphate with hydrochloric acid. 

Each of these methods yielded accurate results, provided certain 
precautions were observed carefully. ‘These methods have been 
tested on a wide variety of materials: foods, blood, feces, urine. 
The loss of iron during dry ignition has been studied and eliminated 
by adding calcium carbonate to maintain an alkaline reaction in 
the sample. The wet ashing method has been discarded because 
of unavoidable contamination with iron in the reagents. 

The procedure described by Stugart and employed by Elvehjem 
has been adopted as the preferable method, because it is the sim- 
plest adequate way of eliminating the effect of phosphates on the 
development of the ferric thiocyanate color and because of the very 
few, easily purified reagents employed. 


CHEMICAL AND IMMUNOLOGICAL PROPERTIES OF SILK 
PROTEINS 


By NORBERT H. FELL 
(From the Laboratory of Physiological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 
Silk fibroin, dispersed in lithium bromide and then dialyzed free 
from salt, funetions as a true antigen in immunological reactions. 


Sera of high titer can be produced in rabbits, and guinea pigs can 
be sensitized and shocked with fibroin dialysates. 
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Fibroin is not heat-coagulable, and boiling it in lithium bromide 
solution does not destroy its immunological properties. When the 
lithium bromide dispersion is dialyzed in collodion membranes, the 
resulting solutions frequently gel in a few hours; but fairly stable 
solutions may be produced by dialyzing against very dilute solu- 
tions containing organic anions. , 

The salt-free fibroin dialysate treated with absolute alcohol 
yields a compound almost identical chemically with fibroin. The 
nitrogen and tyrosine values are slightly lower, but the compound 
will cross-react with anti-fibroin-rabbit serum. 

70 minute hydrolysis of fibroin with 70 per cent sulfuric acid at 
room temperature gives a mixture of fractions, the insoluble por- 
tion having a much higher tyrosine content (17 to 19 per cent) 
than fibroin (12 per cent). This insoluble fraction dispersed in 
lithium bromide is completely dialyzable, and, as judged by the 
anaphylactic reaction, it is not antigenic. 30 minute hydrolysis 
under similar conditions yields an insoluble product with a per- 
centage of tyrosine higher than that of fibroin. This insoluble 
compound dispersed in lithium bromide will not dialyze; its anti- 
genic properties have not yet been determined, but it does not 
give a precipitate with anti-fibroin-rabbit serum. 

Silk sericin also can be dispersed in lithium bromide, and, after 
dialysis, it apparently acts as an antigen; but it gives no reaction 
with anti-fibroin-rabbit serum. 


THE SOLVENT ACTION OF NEUTRAL SALTS UPON ALBUMINS IN 
SOLUTIONS OF LOW DIELECTRIC CONSTANT 


By RONALD M. FERRY, EDWIN J. COHN, ann ETHEL 8. NEWMAN 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


The extremely high solubility of albumins presumably depends 
upon their having electric moments which are great in comparison 
with their molecular diameters. In media of low dielectric con- 
stant, in which they are only slightly soluble, they behave much 
like globulins, in that their solubility is greatly increased by 
neutral salts. 

The solubility of highly purified egg albumin has been studied 
as a function of the ionic strength in alcohol-water mixtures at 
—5°. Under these conditions denaturation of the protein is virtu- 
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ally eliminated, solubility becomes essentially constant, and ac- 
tivity coefficients may therefore be calculated. Our measurements 
suggest that the logarithm of the activity coefficient is a function 
of the ionic strength, as demanded by the theory of Scatchard and 
Kirkwood, and not of its square root. This observation supports 
the conception that proteins are zwitter ions in the neighborhood 
of their isoelectric point. 

The estimated electrostatic forces, interpreted on the basis of 
Kirkwood’s theory, give information concerning the distribution 
of the charged ammonium and carboxyl groups. Electrostatic 
forces are diminished in dilute aqueous solution and to an even 
greater extent in concentrated egg albumin solutions, in which the 
dielectric constant is greater than that of water because of the 
electric moments due to the same distribution of the charged 
groups of the protein molecule. The same methods are being em- 
ployed in the characterization of other proteins. 


STUDIES ON UROCHROME 


By THOMAS A. FLEMING anv A. BRUCE MACALLUM 


(From the Chemical Laboratory, Institute of Public Health, and the 
Biochemical Department, Faculty of Medicine, University of 
Western Ontario, London, Canada) 


The urinary concentrates produced in the course of separation 
of theelin give excellent yields of urochrome which can be obtained 
from the residues of the first stage and the final step in the process 
of the separation of the hormone. The urochrome can be sepa- 
rated from tarry residues by dissolving them in alcohol, diluting 
with an equal volume of water, adding ammonia till slightly 
alkaline, and precipitating with copper sulfate. When the pig- 
ments are in aqueous solution, copper sulfate will precipitate them. 
The copper urochrome can be decomposed with hydrogen sulfide. 
Urobilin is not brought down by copper but remains in solution. 

An elementary analysis gives C 59, H 7, O 25.9, N 6.6, S 1.5 
per cent; which compares with Fischer’s! analyses, C 52, H 6, 
O 29, N 11, 8 2 per cent. 

It is soluble in acids and alkalies, ethyl and butyl alcohol, 
phenol, acetic acid, and ethyl acetate, slightly soluble in water and 
acetone, insoluble in ether, benzene, and chloroform. 


'! Fischer, H., and Zerweck, W., Z. physiol. Chem., 137, 176 (1924). 
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It is an abiuret compound, which upon hydrolysis yields amino 
acids and appears to be in the nature of a peptide. It is pyrrole- 
free, and x-ray analysis indicates an amorphous structure. A 
faint absorption band exists whose peak is 3200 A. (water). Cryo- 
scopic measurement with phenol as a solvent gave an apparent 
molecular weight of 127. 

The chemical structure and the réle of this substance in the 
oxidation-reduction system of the tissues is under investigation. 


THE REACTION OF ALDEHYDES AND SUGARS WITH 
ACETOACETIC ACID 


By THEODORE E. FRIEDEMANN anp ROSALIND KLAAS 


(From the Laboratory of Biological Chemistry, Washington University 
Medical School, St. Louis, and the Department of Medicine, 
University of Chicago, Chicago) 


The reaction was studied under two conditions: (1) in non- 
oxidative solution (Knoevenagel’s reaction) and (2) in alkaline 
H.,0, (Shaffer’s reaction). The former occurs only with aldehydes 
and in rate and extent in approximately the following order: 
formaldehyde, glyoxylic acid, glyoxal, methylglyoxal, glyoxal 
carboxylic acid, glucosone, glycolaldehyde, glyceraldehyde, acetal- 
dehyde, furfuraldehyde, butyraldehyde, aldol, heptaldehyde, benz- 
aldehyde, phenylacetaldehyde, and cinnamic aldehyde. Ketones 
do not react. The reaction is catalyzed by alkali, but not appar- 
ently by nitrogenous bases, as in the case of acetoacetic ester. 
Formaldehyde combines with only 1 mole of acetoacetate, while 
glyoxylic acid, glyoxal, and acetaldehyde combine with 2 moles 
of acetoacetate. The reaction product is unstable and is readily 
decarboxylated, especially in acid solution. Complete dissociation 
into aldehyde and acetoacetate can be shown on adding a solution 
of the immediate condensation compound of glycolaldehyde or 
glyceraldehyde with acetoacetate either to strong alkali or to 
alkaline 

The following ketoses and aldoses react with acetoacetate in 
alkaline H.O.: glucose, fructose, mannose, xylose, arabinose, glyc- 
eraldehyde, dihydroxyacetone, and glycolaldehyde. Sucrose and 
substituted sugars, such as acetylmethylearbinol, rhamnose, and 
tetramethylglucose, gave negative results. Each ketolytically 
active sugar brings about the oxidation of 2 moles of acetoacetate. 
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Although rapidly oxidized, glycol and glyceraldehydes in Fehling’s 
solution have no ketolytie action. These sugars, as in the case of 
glucose, do not react in NasgHPO, and H.O. solution; strong alka- 
linity and are necessary. 

These experiments indicate different mechanisms for the non- 
oxidative and oxidative reactions. 


ISOLATION EXPERIMENTS ON SERUM CREATININE 


By OLIVER HENRY GAEBLER 
(From the Department of Laboratories, Henry Ford Hospital, Detroit) 


Most of the apparent creatinine present in cellophane ultrafil- 
trates of nephritie sera can be precipitated by saturating the ultra- 
filtrate with picric acid and adding potassium chloride. From 1.8 
to 2.7 mg. of apparent creatinine per 100 cc. remained unprecipi- © 
tated in the case of six ultrafiltrates in which the apparent creat- 
inine values before precipitation were 4.1 to 32.2 mg. per 100 ce. 
Creatinine added to normal sera before ultrafiltration in amounts 
of 3 to 11.8 mg. per 100 ce. of serum can also be precipitated from 
the ultrafiltrates in this way, although in the case of the smaller 
amounts several days may be required for precipitation. 

In the procedure the sera are ultrafiltered through No. 300 cello- 
phane under a high nitrogen pressure. ‘To 10 cc. of ultrafiltrate 
in a test-tube one adds 250 mg. of pure picric acid. ‘The tube is 
immersed in hot water and shaken until the picrie acid has dis- 
solved. After cooling to room temperature, 0.1 cc. of 10 per cent 
potassium chloride is added and the solution is shaken at once. If 
retention is very marked, precipitation of the apparent creatinine 
may begin at onee and go to completion within an hour, while 
from ultrafiltrates containing about 4 mg. of apparent creatinine 
per 100 ce. a precipitate of picric acid containing no chromogenic 
substance separated first, and was removed by centrifugation and 
decanting. From the decanted liquid a small crop of crystals con- 
taining the precipitable portion of the apparent creatinine then - 
separated in the course of 24 hours. 
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THE REACTION BETWEEN GOSSYPOL AND CALCIUM AND ITS 
PHYSIOLOGICAL IMPORTANCE 


By WILLIS D. GALLUP ann RUTH REDER 


(From the Department of Agricultural Chemistry Research, Oklahoma 
Agricultural Experiment Station, Stillwater) 


The first evidence of a reaction between gossypol, the toxic 
principle of cottonseed, and calcium was obtained in studies of the 
effect of gossypol on the hydrolysis of fat by lipase. These studies 
were carried out with an extract of pig pancreas acting on an emul- 
sion of olive oil, at an initial pH of 8.9. Calcium chloride (10 mg.) 
and albumin were used as activators. Gossypol was added in 
varying amounts. 

In the absence of calcium, hydrolysis was inhibited slightly by 
gossypol. In the presence of calcium, inhibition by gossypol was 
marked, and when 6 to 8 mg. of gossypol were dissolved in the 
oil previous to emulsification, no hydrolysis took place. In similar 
studies carried out at an initial pH of 4.7, gossypol inhibited but 
did not prevent hydrolysis. The results indicate that in an alka- 
line medium, gossypol in the presence of calcium produces a com- 
plete breakdown or precipitation of the enzyme-activator complex. 

To determine whether or not calcium salts might be of value in 
counteracting the toxic effects of gossypol in the animal body, 
albino rats were fed acidic and basic diets containing 0.05 per cent 
gossypol and varying amounts of calcium. Favorable results, 
based on the number of animals which survived, their food intake, 
and gain in weight, were obtained with the basic diets containing 
excess (1.23 per cent) calcium. Further experiments dealing with 
the reaction between calcium and gossypol are discussed. 


THE FIBRINOLYTIC ENZYME OF HEMOLYTIC STREPTOCOCCI* 


By R. L. GARNER 
(From the Biological Division, Department of Medicine, the Johns Hopkins 
University, School of Medicine, Baltimore) 
The extracellular elaboration of the fibrinolytic enzyme™ is a 
unique property of strains of hemolytic streptococci which are 
* Aided by a grant from the National Research Council. 


12 Tillett, W.S., and Garner, R. L., J. Exp. Med., 58, 485 (1933). Garner, 
R. L., and Tillett, W. S., J. Exp. Med., 60, 239, 255 (1934). 
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associated with human infections. By contrast, strains of hem- 
olytic streptococci of animal origin (non-pathogenic for man) are 
usually devoid of this property. With respect to the intracellular 
proteinases, however, representative strains of the two types of 
organisms are shown to be identical. 

The fibrinolytic enzyme is particularly characterized by its spe- 
cificity. Although a variety of substrates have been tested, a 
detectable action is observed only with fibrin and fibrinogen iso- 
lated from human blood. ‘The specificity of the reaction is further 
emphasized by the fact that preparations from the blood of lower 
animals are not susceptible to fibrinolysis. 

The clotted plasma is rapidly and completely transformed into 
a limpid solution, while the fibrinogen solutions, after brief incuba- 
tion with the enzyme, lose the capacity to form fibrin. Quantita- 
tive experiments are described which indicate that the dissolution 
of the fibrin is not accompanied by a marked chemical degradation 
of the protein molecule. Neither an evolution of ammonia nor 
an increase in the non-protein nitrogen can be detected. The 
fibrinogen is transformed into a substance (or substances) which 
retains characteristic protein properties but which may be differ- 
entiated from the parent fibrinogen by an increased solubility in 
concentrated salt solutions and by a higher temperature of de- 
naturation. 

By immunological experiments, the end-product of the reaction 
cannot be differentiated from the original fibrinogen solution, even 
though the two antigens possess different physical and chemical 
properties. 


IMMUNE GLOBULINS IN THE PLACENTA 


By ARDA ALDEN GREEN anp CHARLES F. McKHANN 
(From the Department of Pediatrics, Harvard Medical School, Boston) 


Globulins separated from an extract of the human placenta carry 
antibodies for measles and poliomyelitis, scarlet fever, and diph- 
theria. The placental globulins may be divided into four fractions, 
depending on increasing solubility in salt. The identification of 
antibodies in these different fractions has been attempted. 
Whereas the virus antibodies are contained in most of the frac- 
tions, the antitoxic antibodies are more sharply localized. 
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THE INFLUENCE OF CERTAIN LIVER POISONS ON THE ACTION OF 
PARATHYROID EXTRACT 


By DAVID M. GREENBERG 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


A study has been made of the effect of acute liver poisoning by 
phosphorus, carbon tetrachloride, and hydrazine sulfate on the 
response of the blood calcium of the dog to injections of parathy- 
roid extract. Of these substances, phosphorus almost obliterated 
the rise in blood ealcium which is normally obtained after para- 
thyroid extract injection, hydrazine sulfate caused a small reduc- 
tion in amount, while carbon tetrachloride appeared to have no 
retarding effect whatever. 

To test the view-point that phosphorus might be producing its 
effect through an action on bone rather than the liver, the effect 
of benzene, known to be a bone marrow poison, was also deter- 
mined. Acute intoxication with this substance produced no altera- 
tion in the response of the blood calcium level to parathyroid 
extract injection. 


THE EFFECT OF A DIET LOW IN MAGNESIUM ON THE RAT 


By DAVID M. GREENBERG anv ELMA VY. TUFTS 


(From the Division of Biochemistry, University of California M edical School, 
Berkeley) 


In extending the work of Kruse, Orent, and MeCollum"® on the 
effect of a dietary magnesium deficiency, a diet containing between 
1 and 2 mg. of magnesium per 100 gm. of dry food has been fed. 
The animals kept on this diet have never been observed to suffer 
spontaneous convulsions, but convulsive seizures can be induced 
through the application of a suitable stimulus, such as the hissing 
sound of an air blast. Moreover, when there was an ample quan- 
tity of vitamin G in the diet, at this level of magnesium, there did 
not develop the trophic changes, such as loss of hair, emaciation 
and edema of the feet, which are stated by Kruse, Orent, and Me- 
Collum to be characteristic of the terminal stages of magnesium 
deficiency. 7 

18 Kruse, H. D., Orent, E. R., and McCollum, E. V., J. Biol. Chem., 9, 
519 (1932); 100, 603 (1933). 
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Chemically, in these animals, the total body magnesium was 
found to be reduced about 33 per cent and the plasma magnesium 
about the same amount below the values for the litter mate con- 
trols. The magnesium content of the brain, muscle, and liver of 
the deficient animals was not altered. 

At a somewhat higher level of magnesium in the diet, namely 5 
mg. of magnesium per 100 gm. of food, it has been possible to carry 
rats through pregnancy and to rear some of the young successfully 
through the period of lactation. 


ERRORS IN BIOASSAY: SOME UNUSUAL EFFECTS OF INORGANIC 
SALTS ON THE DETOXICATION OF BENZOIC ACID IN RATS 


By WENDELL H. GRIFFITH 


(Fron. the Laboratory of Biological Chemistry, St. Louis University School 
of Medicine, St. Louis) 


The determination of the extent to which young rats can detoxi- 
cate benzoate has demonstrated in a surprising way some of the 
difficulties in the use of the living organism as a ‘“‘test-tube’’ for 
hiochemical measurements. Survival increase in weight, and 
the exeretion of hippurie acid and of total combined benzoic acid 
were used as a measure of the detoxicating capacity of the animal. 
Toxie benzoate diets were made non-toxie by the addition of 
glycine or of proteins rich in glycine. It seemed probable, there- 
fore, that the toxicity of a benzoate diet could be used as a means 
of bioassay for the determination of glycine or of its precursors. 
However, the interpretation of such experiments has been com- 
plicated by the results obtained following the addition of various 
inorganic salts to the food mixture. The effects produced by 
NaHCOs;, NaCl, NasSO,, NaHSO,, and the corresponding 
potassium salts could not be explained on the basis of the known 
action of these salts on the acid-base equilibrium. The fact that 
certain of the salts, such as NaHCQO;, NasSO,, and KHSQO,, pro- 
tected the animals from the toxicity of benzoate demonstrated that 
the detoxieating mechanism was subject to other factors in addition 
to the availability of glycine. The experiments emphasized in a 
striking manner the possible influence of supposedly unrelated 
factors on the metabolic reactions involved in any method of 
bioassay. 
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THE MOLECULAR WEIGHT AND VOLUME OF HEMOGLOBIN IN 
UREA SOLUTIONS 


By DAVID B. HAND 


(From the Department of Physiology and Biochemistry, Cornell University 
Medical College, Ithaca) 


The molecular weight of hemoglobin is unaltered by the presence 
of urea up to concentrations as high as 6.66 m. The report in the 
literature that urea reduces the molecular weight of hemoglobin to 
34,000 is explained by failure to account for the hydration of hemo- 
globin. The presence of urea increases the osmotic pressure of 
hemoglobin solutions, but this increase is quantitatively explained 
by increased hydration of the protein which, due to removal of the 
solvent, actually increases the concentration of the protein. 

The apparent hydration of the hemoglobin can also be calculated 
by a number of empirical equations from the viscosity of the solu- 
tion. The hydration calculated from the viscosity is about the 
same as that calculated from osmotic pressure for isoelectric hemo- 
globin in 0.5 m phosphate. But in urea solution the hydration 
calculated from osmotic pressure is much greater than that calcu- 
lated from viscosity. 


AN INTERPRETATION OF THE DRIFT IN POTENTIAL IN THE 
QUINHYDRONE pH METHOD ON BLOOD OR BLOOD SERUM 


By MARTIN E. HANKE ann MARTHA JOHNSON 


(From the Department of Physiological Chemistry, the University of Chicago, 
Chicago) 


The nature of the drift in potential when quinhydrone is mixed 
with blood or blood serum is determined by the concentration of 
quinhydrone; high concentrations causing a positive drift, low 
concentrations, a negative drift. These facts are rationalized by 
the following theory, quinone + some reducing agent in serum — 
hydroquinone + acid, and this reaction, 10 to 50 per cent complete 
in 5 or 10 minutes at room temperature, proceeds progressively 
with time. According to this theory, the positive factor is the 
formation of acid, the extent of which is greater as the quinhydrone 
concentration is increased; the negative factor is the reduction of 
the quinone to hydroquinone, which is more complete per unit 
time as the concentration of quinhydrone is decreased. 
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The following predictions of this theory have been tested and 
verified experimentally. (1) When quinone (not hydroquinone) 
is added to serum, acid is formed; at complete reaction, the amount 
of acid of 0.45 mole per mole of quinone. (2) The direction of the 
drift is eventually always negative. (3) When quinone is added 
to serum, it is completely converted into hydroquinone; hydro- 
quinone does not react with serum. (4) The concentration of 
quinhydrone at which there is no drift in the first 5 or 10 minutes 
(positive and negative effects equally balanced) is determined by 
the buffer index of the serum. 

Progress has been made in devising a procedure which eliminates 
the drift error as well as the drift itself and also the salt and protein 
errors of precise pH determinations by this method. 


SALT AND WATER EXCHANGE BETWEEN BLOOD AND MUSCLE 


By A. BAIRD HASTINGS anp LILLIAN EICHELBERGER 


(From the Lasker Foundation for Medical Research and the Department of 
Medicine of the University of Chicago, Chicago) 


The purpose of the experiments to be described was to elucidate 
the exchange of water between blood and muscle. The data ob- 
tained have led the authors to the following conclusions. 

(1) When muscle tissue is equilibrated in vitro with blood serum 
the cells die and become permeable to chlorides. (2) Muscle cells 
are ordinarily not permeable to chloride, sodium, or potassium. 
(3) Musele cells normally contain no chloride and only approxi- 
mately 5m of sodium per kilo of tissue. (4) All of the chloride and 
most of the sodium is present in the extracellular fluid of the tissue. 
(5) On the basis of these conclusions, the amount of extracellular 
fluid in muscle tissue has been calculated. (6) When acidosis is 
produced in an animal by rebreathing high concentrations of car- 
bon dioxide, the amount of extracellular fluid decreases. (7) 
When a balanced isotonic salt solution is injected in large quantities 
intravenously, the amount of extracellular fluid increases without 
swelling or shrinking of the muscle cells. (8) When an acid iso- 
tonic salt solution is injected, the amount of extracellular fluid 
increases and the muscle cells swell slightly. (9) When an alkaline 
isotonic salt solution is injected, the amount of extracellular fluid 
increases greatly and the muscle cells swell appreciably. (10) 


xlil | Scientific Proceedings. XXIX 

When hypertonic salt or sugar solutions are injected, the muscle 
cells shrink markedly and the amount of extracellular fluid remains 
constant or increases slightly. 


THE DEGREE OF UNSATURATION OF PHOSPHOLIPID FATTY 
ACIDS OF TUMOR TISSUE 


By FRANCES L. HAVEN 


(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 


The phospholipid fatty acids of rat carcino-sarcoma No. 256, 
from the Crocker Institute, were found to possess a low degree of 
unsaturation which is only slightly influenced by the nature of 
the dietary fat. Tumor tissue from animals raised on a fat-poor 
diet gives an iodine number of 85; coconut oil, 95; cod liver oil, 106; 
and menhaden oil, 113. Rat muscle values on the first three diets 
are respectively 100, 120, and 160. The location of the tumor does 
not affect the degree of unsaturation of its phospholipid fatty 
acids since subcutaneous, lung metastatic, and liver tumor fatty 
acids from animals raised on the same diet possess the same iodine 
number. 

Since the views as to the function of phospholipids in normal 
tissue are still unsettled, one can speculate concerning their fune- 
tion in tumor tissue. (a) Highly unsaturated fatty acids may not 
be incorporated in the phospholipid molecule. Regarding phos- 
pholipids as cellular oxygen transport agents, the abnormal respira- 
tion of tumor tissue may be explained by the low degree of unsatu- 
ration of the fatty acids. (6) Considering phospholipids as 
intermediary products in fat metabolism, the highly unsaturated 
fatty acids may be built into the tumor phospholipids, then rapidly 
burned to supply energy to the tumor. (c) Tumor possesses no 
function other than growth. Therefore, unsaturated fatty acids 
may not be essential to tumor phospholipids as they are to muscle 
which must do external work. (d) Highly unsaturated fatty acids 
may be built into the phospholipids but immediately saturated 
owing to conditions within the tumor. 
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VARIATIONS IN AMINO ACID CONTENT OF FINGER NAILS OF 
NORMAL AND ARTHRITIC INDIVIDUALS 


By W. C, HESS 


(From the Chemo-Medical Research Institute, Georgetown University, 
Washington) 


It has previously been found that normal finger nails contain 
6.60 per cent arginine, 0.46 per cent histidine, and 2.61 per cent 
lysine. These figures were obtained by the isolation procedures 
of Vickery and Block. Cystine in the same normal nails, by the 
Sullivan method, was 11.98 per cent, while by isolation only 9.57 
per cent could be found. This work was repeated on 3.9 gm. of 
finger nails of persons suffering from arthritis. By isolation there 
was found 6.62 per cent arginine, 0.49 per cent histidine, and 2.63 
per cent lysine. Cystine, determined by the Sullivan method, 
was 9.78 per cent. The arginine was also determined colorimetri- 
cally, in the arthritie nails, by a modified Sakaguchi method and 
histidine by the method of Kapeller-Adler. The two colorimetric 
methods gave figures of the same order as the isolation methods: 
7.22 per cent arginine and 0.46 per cent histidine. ‘The molecular 
ratios of histidine to lysine to arginine for the normal nails were 
1:6:13, while for the arthritic nails they were 1:5.4:13.5. The 
three basic amino acids remained practically constant, while the 
cystine content decreased 18.4 per cent. 


THE IDENTITY OF THE ANTIDERMATITIS FACTOR 
By ALBERT G. HOGAN ano LUTHER R. RICHARDSON 


(From the Department of Agricultural Chemistry, University of Missouri, 
Columbia) 


It was reported in an earlier paper that the type of dermatitis 
there described does not develop in rats when corn-starch is in- 
cluded in the diet. More recent studies have shown that the 
active agent of starch is easily extracted with hot alcohol. The 
starch residue neither heals the lesions nor prevents them from 
appearing. The ether extract of wheat germ has approximately 
the same potency as the starch extract. Mazola (corn oil) and 
commercial linseed oil were less active. Refined coconut oil and 
the ether extract of yeast have little or no activity. The effective- 
ness of the yeast was apparently undiminished by the extraction 


process. 
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Rats that have been healed of dermatitis by the starch extract, 
100 mg. daily, make little or no growth and if they survive long 
enough the hair becomes thin within 12 to 16 weeks. In severe 
cases they develop the denuded condition described by Sherman 
and his collaborators as characteristic of a deficiency of vitamin G 
(B,). As to the identity of the antidermatitis factor, the available 
evidence indicates that it is a distinct entity and should be given a 
separate classification. 


CHEMICAL STUDIES ON TOAD POISONS: BUFO ARENARUM, BUFO 
REGULARIS, AND XENOPUS L&AVIS 


By H. JENSEN 


(From the Laboratory for Endocrine Research, the Johns Hopkins University, 
School of Medicine, Baltimore) 


Arenobufagin C2;H3,O. (secretion of Bufo arenarum) and regu- 
larobufagin C2sH3,0¢ (secretion of the South African toad Bufo 
regularis) have been prepared and found to be isomers; both are 
lactones. The analytical data obtained from various derivatives 
of these bufagins substantiate the empirical formulas assigned to 
them. Like the bufagins obtained from the secretions of other 
species of toads, arenobufagin and regularobufagin are C2; deriva- 
tives (after removal of the acetyl radical which is attached to a 
hydroxy group) and show marked resemblance in chemical be- 
havior to that of the aglucones of certain plant glucosides, which 
are also C23 derivatives. Epinephrine has been isolated and identi- 
fied as such from the secretions of both Bufo arenarum and Bufo 
regularis. From the skin secretion of the South African toad 
Xenopus levis a base (obtained as a flavianate) has been isolated 
and was found to be identical with bufotenidine. No evidence has 
been obtained so far of the presence of any bufagin-like substance 
in this secretion. 


FURTHER CHEMICAL INVESTIGATION OF CRYSTALLINE INSULIN 


By H. JENSEN, E. A. EVANS, Jr., W. D. PENNINGTON, 
AND ELLEN D. SCHOCK 
(From the Laboratory for Endocrine Research, the Johns Hopkins University, 
School of Medicine, Baltimore) 
The behavior of cystine and the free amino nitrogen of insulin 
under the action of various reagents which inactivate the hormone, 
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either reversibly or irreversibly, has been investigated. The fol- 
lowing reagents have been employed: n/30 NaOH, formaldehyde, 
benzaldehyde, o-chlorobenzaldehyde, acetic anhydride, methyl 
iodide, hydriodic acid, iodine, HCl and methyl alcohol, diazo- 
methane, and nitrous acid. 

It was further found jointly with Dr. L. Hellerman (Department 
of Physiological Chemistry) that insulin was inactivated when 
treated with benzoquinone (in M/15 Na,H PQ, solution in a nitrogen 
atmosphere). In acid solution no inactivation occurs. Hydro- 
quinone does not influence the activity under the same conditions. 
Unlike cysteine and glutathione, the thiol compounds thiolhistidine 
and ergothionine do not readily inactivate insulin; thiolsalicylic 
acid under the same conditions renders the hormone inactive. The 
inactivation of insulin by the different reagents may be explained 
as the result of either destruction or modification of certain com- 
ponent groupings in the molecule. 


A COMPARISON OF THE DISSIPATION OF HEAT MEASURED BY 
THE INSENSIBLE LOSS OF WATER WITH THE HEAT PRODUC- 
TION DETERMINED BY INDIRECT CALORIMETRY FOR PERI- 
ODS OF TWENTY-FOUR HOURS 


By MARGARET WOODWELL JOHNSON anp L. H. NEWBURGH 


(From the Department of Internal Medicine, University of Michigan, 
Ann Arbor) 


The subjects were fed constant diets of known composition 
during the experiment and for at least the 3 preceding days. They 
entered the respiration chamber of the open circuit type at night. 
Starting under basal conditions the next morning, the following 
data were obtained for the next 24 hours: (1) insensible loss of 
weight; (2) oxygen absorption; (3) carbon dioxide production. 

The heat production was calculated by standard methods. The 
insensible loss of water was calculated from the equation JW = 
IL — (CO, — Oz), where JW is insensible water and JL is insensible 
loss of weight. The heat lost by the vaporation of water equals 
IW X 0.58 and the total heat elimination is assumed to be IW X 
0.58 & (100/24). This value was compared with the heat pro- 
duction obtained by indirect calorimetry. 
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FURTHER OBSERVATIONS ON THE POSSIBLE INTERRELATION- 
SHIP IN THE PHYSIOLOGICAL ACTION OF THE 
PARATHYROID GLANDS AND VITAMIN D 


By JAMES H. JONES 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


Young pups, given a modification of the Cowgill" diet to which 
had been added 0.75 per cent of beryllium carbonate, developed 
marked clinical rickets in a few weeks. Ultra-violet irradiation or 
cod liver oil failed to prevent the development of the rachitic 
manifestations. These animals were practically immune to the 
action of large doses of parathyroid extract, even though a liberal 
amount of vitamin D was administered. Pups which were made 
rachitic on the Be-containing diet without vitamin D likewise gave 
only a slight response to parathyroid extract. Ultra-violet irradia- 
tion of these animals for several weeks failed to increase the 
response. 

Although showing only a slight reaction to parathyroid extract, 
these animals developed typical symptoms of hypervitaminosis 
when 150,000 international units of irradiated ergosterol per kilo 
of body weight were administered daily. The response was only 
slightly less than that of normal controls. Since parathyroid 
extract was inactive for rachitic animals, although vitamin D was 
present, it appears that the failure was not due to a lack of vitamin 
stores in the body but to some other factor. <A lack of available 
calcium has been suggested by other workers. However, since 
these animals which did not react to parathyroid extract readily 
developed toxic symptoms when large doses of irradiated ergosterol 
were administered, it is highly improbable that the toxicity was 
due to a stimulation of the parathyroid glands. 


14 The diet was composed of the following ingredients, expressed in per 
cent: casein 37.6, sucrose 32.9, lard i9.0, salt mixture (Cowgill, G. R., 
J. Biol. Chem., 66, 725 (1933)) 2, yeast 5, bone ash 0.5, agar 1.5, butter 
fat 1.5. 
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THE SUBSTITUTION OF CERTAIN CYSTINE DERIVATIVES FOR 
CYSTINE IN THE GROWTH OF RATS 


By JAMES H. JONES, KATHLEEN CRANDALL ANDREWS, anv 
JAMES C. ANDREWS 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


We have tested the ability of the following compounds to sub- 
stitute for cystine in the diet of growing rats: cystine hydantoin, 
cystine phenylhydantoin, cysteic acid hydantoin, cysteic acid 
phenylhydantoin, and dibenzoyleystine. These compounds were 
fed at levels equivalent in sulfur content to 0.05 per cent cystine. 
With none of the above compounds, except dibenzoyleystine, have 
we observed any increase in weight when the diets were fed over a 
period of 7 weeks or more. 

In the case of dibenzoyleystine the rate of growth, while not 
duplicating that resulting from administration of cystine, showed 
occasional irregular increases above that of the control animals. 
This finding harmonizes with the results obtained in this labora- 
tory and by other investigators on the metabolism of dibenzoyl- 
cystine which, when fed or administered by way of an isolated 
intestinal loop, is partly oxidized to inorganic sulfate. These 
results have been interpreted as indicating partial hydrolysis to 
free cystine which, in the present experiments, would result in a 
greater growth increment. 


MEASUREMENT OF TRYPTIC DIGESTION BY DIRECT TITRATION 


By THOMAS H. JUKES 
(From the Division of Poultry Husbandry, University of California, Davis) 


Proteins were digested with a commercial trypsin preparation. 
The digest, containing phenolphthalein, was first adjusted to pH 
8.5. A rapid liberation of acid was found to take place. At 
intervals, aliquots were withdrawn and titrated back to pH 8.5 
with sodium hydroxide. Simultaneously, the rupture of peptide 
linkages was measured by formol titration. It was found that the 
production of acidity closely paralleled formol titration value and 
hence that direct titration with alkali provided a rapid and con- . 
venient measurement of protein hydrolysis. 

The explanation of the liberation of acidity is to be found in the 
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fact that only in the isoelectric zone is rupture of the peptide 
linkage unaccompanied by change of pH. At the pH of optimal 
peptic or tryptic activity, proteolysis is accompanied by an increase 
in buffering power which tends to shift the pH towards the iso- 
electric point of the peptide mixture. 

In the case of certain proteins, such as casein, lecitho-vitellin, 
and ovomucoid, which contain esterified prosthetic groups, an 
unusually large production of acidity was observed to take place 
during the initial stages of digestion. This was thought to be due 
to hydrolysis of the ester linkage. Support is lent to this view by 
the observation that acid-soluble phosphorus is liberated more 
rapidly than acid-soluble nitrogen during tryptic digestion of casein 
and lecitho-vitellin. 


THE DECOMPOSITION OF CAROTENE DURING THE STORAGE OF 
HAYS AND MEALS 


By EDWARD A. KANE anp LEO A. SHINN 


(From the Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture, Beltsville, Maryland) 


Recent work on the effect of rations low in vitamin A upon 
reproduction in cattle and upon the vitamin A potency of their 
milk has made it very desirable to know more about the carotene 
content of their feeds. Work has been reported from this labora- 
tory showing that frequently only 10 per cent as much carotene 
occurs in market hays as in the fresh green material from which 
they are made; and that large losses of carotene occur during the 
storage of hays, especially in warm weather. We have now studied 
the losses of carotene occurring during the storage of alfalfa meals. 
Meels, ground to ? inch, } inch, and } inch mesh, were prepared 
from the same bale of hay and stored under conditions similar to 
those in a dark hay barn. Meals from four lots of hay were pre- 
pared in this way and stored for periods of 7 to 8 months beginning 
in March. The average loss of carotene with the meals that were 
ground to a 2 inch mesh was 40.4 per cent, to a } inch mesh 36 per 
cent, and to a } inch mesh 36.5 per cent. The loss of green color 
in these meals during this period was determined by the Hay Office 
- of the Bureau of Agricultural Economics. These losses were 16.3, 
10.9, and 12.8 per cent respectively. The losses of carotene in 
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these meals were practically the same as in samples from the same 
lots of hay that were stored in bales. 


THE DETERMINATION OF CYSTINE AND RELATED DISULFIDES 
WITH THE PULFRICH PHOTOMETER 


By BEATRICE KASSELL 


(From the Department of Chemistry, New York State Psychiatric Institute 
and Hospital, New York) 


Parts of Lugg’s® modification of the Folin and Marenzi!* method 
were used in developing a procedure to determine cystine and 
related sulfur compounds. 

Filter S-72 was selected; the calibration curve indicates a linear 
relationship between the extinction coefficient and the concentra- 
tion of cystine from 0.1 to 3 mg. per cent. The extinction coeffi- 
cient of 1 mg. per cent of cystine, 0.343, did not vary with different 
preparations of the color reagent if made by the same technique.” 

In the determination, Solution A"™* is prepared according to the 
directions of Lugg,” except that double the amount of color reagent 
is used. If interfering substances are present, Solution A is read 
in the photometer, first against Solution B and second against 
Solution C. The average of these two readings gives the cystine 
concentration. If the extinction coefficient of Solution C is less 
than 0.027, then the reading of Solution A against C is omitted 
and the value for cystine obtained directly. 

When cysteine is also present, a fourth solution, D, is needed. 
Cysteine is determined by reading Solution C against D. In this 
case, the value for cystine is obtained by reading Solution A against 
B and D, averaging these values, and subtracting twice the amount 
of the cysteine determined as.above. 

Homologous disulfide compounds!*® show a rate of color devel- 
opment which decreases with increasing molecular weight. The 
rate of color development may be accelerated by increasing the 
amount of sulfite, thus permitting the determination of any one of 
these disulfides in the presence of another. 


'S Lugg, J. W. H., Biochem. J., 26, 2144, 2160 (1932). 

1 Folin, O., and Marenzi, A. D., J. Biol. Chem., 83, 103 (1929). 

'7 Folin, O., J. Biol. Chem., 101, 111 (1933). 

‘.@ Solution A, cystine or unknown, color reagent, buffer, and sulfite; 
Solution B, A + HgCl,; Solution C, A without sulfite; Solution D, C + 
HgCl.,. 

18 We are indebted to Dr. V. du Vigneaud for the pento- and hexocystine 
used in these experiments. 
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THE CHEMICAL NATURE OF CORTIN 


By EDWARD C. KENDALL, HAROLD L. MASON, BERNARD F., 
McKENZIE, ann CHARLES 8S. MYERS 


(From the Division of Chemistry, The Mayo Foundation, Rochester, 
Minnesota) 


Crystals will separate from partially purified cortin treated with 
a small volume of water and ether. Purification gives a crystalline 
compound which is oxidized to an acid without loss of carbon with 
ammoniacal silver. Oxidation of the acid with chromic acid results 
in the loss of 2 atoms of carbon and the formation of a ketone. 

The most probable structure is a trihydroxy aldehyde. Two 
hydroxyl groups are in positions a and B to the aldehyde. The 
compound is therefore a derivative of glyceraldehyde. With hot 
sodium hydroxide the aldehyde is converted into an acid with intra- 
molecular rearrangement. Absence of a specific absorption spec- 
trum shows the absence of the benzene ring. Distillation of the 
ketone with zine dust gives ahydrocarbon of high molecular weight, 
apparently three 6-membered rings fully saturated. 

Oxidation with silver of solutions from which the crystals sepa- 
rate gives products similar to the acid and ketone, except that they 
are more unsaturated. The specific rotation of the crystalline 
material is from 65° to 110°. The specific rotation of products 
from the mother liquor of the crystals is as high as 180°. 


THE VITAMIN B COMPLEX AND NUTRITIONAL ANEMIA IN THE 
WHITE RAT 


By JEAN L. KYER ann FRANK H. BETHELL 


(From the Thomas Henry Simpson Memorial Institute for Medical Research, 
Ann Arbor) 


During the course of some studies on the prevention and cure of 
milk anemia in the white rat and the regeneration of blood with 
iron and copper supplements, it was observed that another sub- 
stance, probably organic, played a very important role. 

Both in prevention and curative experiments the rats were 
placed on a basal diet of reconstituted dry milk of known iron and 
copper content. Rats receiving 26.6 per cent reconstituted milk 
instead of the customary 14.7 per cent milk failed to develop a 
severe anemia. When the iron and copper content of 14.7 per 
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cent reconstituted milk was increased to the quantities ingested 
by rats receiving the 26.6 per cent milk, severe anemia was not 
prevented. 

During the investigation of various substances present in milk 
which might account for its hematinie action, a 70 per cent alco- 
holie extract of dried brewers’ yeast was employed. The yeast 
extract exerted a definite influence upon both the prevention and 
cure of anemia. As the iron and copper content of the very small 
amount of yeast extract used could not account for its effect, the 
study of the influence of the vitamin B complex was undertaken. 
Neither vitamin B,; nor B. seemed to have any effect, but the vita- 
min B, fraction exerted the same influence as the whole yeast 
extract. 

The vitamin By, fraction apparently stimulates erythropoietic 
activity in the white rat, possibly by its influence on hemoglobin 
synthesis. 


THE EFFECT OF MALNUTRITION ON THE PATHOGENESIS OF RAT 
LEPROSY 


By ALVIN R. LAMB 
(From the United States Leprosy Investigation Station, Honolulu, Hawaii) 


Rat leprosy is caused by an organism morphologically and 
tinctorially identical with the bacillus of human leprosy, and the 
disease is pathologically very similar to human leprosy. Rats 
inoculated subeutaneously with rat leprosy were subjected to many 
dietary deficiencies, singly and in combination. Whenever the 
effects of the dietary deficiencies were complicated by inanition, 
results were generally negative. A diet of starchy foods plus taro 
root and fish, less severely deficient in the vitamin B complex and 
in calcium, repeatedly increased the development of subcutaneous 
lesions. Diets deficient in the vitamin B complex, which per- 
mitted suboptimum reproduction, produced a similar increase in 
the lesions in the third and fourth generations. 

When intracardiac inoculations were made, diets deficient in the 
vitamin B complex and somewhat low in protein produced an 
extensive increase in visceral lesions of rat leprosy. ‘The liver was 
the principal site, and showed very large and confluent lesions in 
the experimental animals. The spleen, lungs, and lymph nodes 
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were involved, and the skin was generally infiltrated with or- 
ganisms and contained microscopic lesions of rat leprosy. Small 
lesions occurred in the same sites in the control rats, but were 
almost always sharply limited in size on the normal diet. Similar 
marked increases in leprous pathology were found after intra- 
cardiac inoculation of fourth generation rats on a diet less severely 
deficient in the vitamin B complex. 


COMPARISON OF THE XYLOSE TOLERANCE WITH BLOOD UREA IN 
NEPHRITIC RATS 


By HARDY W. LARSON 


(From the Biochemical Laboratory of the Metropolitan Life Insurance 
Company, New York) 


The clearance of xylose, used as a measure of renal function, is 
believed to give results comparable with the urea clearance. Some 
think that renal injury should be reflected in a slight retention of 
urea which would be recognizable provided the range of the normal 
urea is sufficiently established. This study was planned to obtain 
information on these points. One pole of the kidney was ligated 
to cause degeneration beyond the ligature and 2 weeks later the 
other kidney was removed. The rats were then fed a diet known 
to produce renal injury. 1 month later the animals were given 
xylose by stomach tube and the blood xylose was followed for 5 
hours. Blood urea was determined at the same time. This pro- 
cedure was repeated at monthly intervals until either the xylose 
curve became abnormal or there was retention of urea. The rats 
were then sacrificed and the kidneys examined for pathological 
changes. The results showed that either the xylose tolerance 
might become abnormal or urea might be retained without evidence 
of marked kidney involvement. 


NOTE ON THE INSULAR HORMONE 


By NELLES B. LAUGHTON anp A. BRUCE MACALLUM 


(From the Physiological and Biochemical Departments, Faculty of Medicine, 
University of Western Ontario, London, Canada) 


The preparation reported by us!* has been fractionated and pre- 
pared in a more concentrated form. While the original prepara- 


19 Laughton, N. B., and Macallum, A. B., Proc. Roy. Soc. London, 
Series B, 111, 37 (1932). 
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tion will not reduce an experimental hyperglycemia in normal 
rabbits below the normal level, the concentrated fraction will 
reduce such a hyperglycemia below 100 mg. of sugar per 100 ce. 
to levels as low as 65 mg. These, however, revert rapidly to the 
normal level without producing any symptoms. 

The method described'® has been found to yield a preparation 
from the gastric mucosa and liver tissue which has physiological 
effects identical with that from the duodenal mucosa. 


A DISULFOXIDE OF /-CYSTINE 


By THEODORE F. LAVINE anp GERRIT TOENNIES 
(From the Lankenau Hospital Research Institute, Philadelphia) 


The oxidation of solutions of cystine perchlorate in acetonitrile 
by means of perbenzoic acid was studied at various temperatures 
and the optimum conditions for oxidation of the cystine to a level 
corresponding to the disulfoxide established. The relatively slight 
solubility of the disulfoxide in water was made the basis of its 
separation from other oxidation products. ‘The ultimate analysis 
and level of oxidation of the isolated material corresponded to the 
requirements of the disulfoxide. Its decomposition point, optical 
rotation, isoelectric point, and solubility were determined. 

The oxidizing action of the disulfoxide on aqueous solutions of 
HCl and KI was developed into a quantitative method for the 
estimation of ‘“‘intermediate oxygen.”’ 

By virtue of its intermediate level of oxidation, the disulfoxide 
in aqueous solution undergoes dismutative decomposition; in alka- 
line solution this decomposition proceeds rapidly according to the 
equation 3R(—S—O).R + 2H.O — R—S—S—R + 4R—S—O.H. 
Although the same general decomposition slowly takes place in 
acid solutions, the results are not as definite as in the case of the 
alkaline solutions. 

Cysteine reacts practically instantaneously with the disulfoxide 
in either acid or alkaline solution, according to the reaction, 
R(—S—-O).R + R—S—H R—S—S—R + R—S—O.H. 
When excess cysteine is present, the sulfinie acid slowly reacts to 
form eystine, R--S—O.H + 3R—S—H—-2R—S—S—R + 2H.,0. 
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THE PREPARATION OF CRYSTALLINE VITAMIN G 


By SAMUEL LEPKOVSKY, WILLIAM POPPER, Jr., anp 
HERBERT M. EVANS 


(From the Institute of Experimental Biology, University of California, 
Berkeley) 


Vitamin G can be easily prepared in crystalline form by the fol- 
lowing method. An extract of liver is shaken with fullers’ earth, 
and the activated clay eluted with dilute sodium hydroxide. The 
solution is neutralized with hydrochloric acid and again adsorbed 
with fullers’ earth. The fullers’ earth is again eluted with dilute 
sodium hydroxide, and the eluate neutralized with hydrochloric 
acid and concentrated in vacuo. It is centrifuged occasionally 
during the concentration, and when quite concentrated, the vita- 
min G drops out as a very fine crystalline mass. It is recrystal- 
lized a few times from hot water and dehydrated with acetone. It 
is a dark yellow non-hygroscopic powder. 0.1 mg. enabled rats 
on a vitamin G-free diet to gain about 26 gm., and 0.3 mg. about 
30 gm. in 9 days. 


THE CONCENTRATION AND PURIFICATION OF THE 
GONADOTROPIC SUBSTANCE OF THE URINE OF 
HUMAN FEMALE CASTRATES 


By LOUIS LEVIN* ann H. H. TYNDALE 


(From the Department of Anatomy, College of Physicians and Surgeons, 
Columbia University, New York) 


Methods described in the literature for the concentration of the 
gonadotropic material of human pregnancy urine did not yield 
equally satisfactory results when applied to the urine of human 
female castrates. A method depending on tannic acid precipita- 
tion was found to be an effective means of concentrating all or 
nearly all the gonadotropie activity of these castrate urines. 
Alkaline extracts of the acetone-washed precipitates are potent 
and non-toxic to immature mice, even if administered in doses 
representing large quantities of urine, the maximum tested to date 
being 600 ce. 

Barium precipitation of such extracts results in considerable 
purification, but appreciable activity is lost. Marked purification, 


* Squibb Fellow in Anatomy, 1934-35. 
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with little loss of activity, is effected by leaching the dry tannate 
powder with 70 per cent ethyl alcohol (solution discarded). The 
active principle is then dissolved in aqueous acetone (or alcohol) 
containing ammonia and reprecipitated by increasing the acetone 
concentration. ‘These precipitates contain all or nearly all the 
activity of the original tannate but only 30 to 35 per cent of the 
original solids. They are readily water-soluble and may be admin- 
istered in doses representing very large quantities of raw urine. 

Immature mice and rats were used for the assays. A combina- 
tion of four factors (ovarian weight, uterine weight, precocious 
vaginal opening, and microscopic appearance of the ovaries) was 
used as the criterion of gonadal stimulation. Histological exami- 
nation of certain selected ovaries was made. 

This method removed 70 to 80 mouse units of gonadotropic 
material per liter from pooled specimens of urine of human female 
castrates. 


STUDIES IN CYSTINURIA 


By HOWARD B. LEWIS 


(From the Laboratory of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor) 


Oral administration of dl-methionine (3.0 to 3.6 gm.) to a young 
cystinuric patient resulted in an increased excretion of cystine. 
The amount of extra cystine excreted after administration of 
methionine was greater when the diet contained moderate amounts 
of protein (urinary nitrogen, 7.5 to 8.5 gm. daily) than when large 
quantities of protein were fed (urinary nitrogen, 15.0 gm. daily). 
On the lower level of dietary protein, the excretion of extra cystine 
continued for several days after the methionine was fed, while on 
the higher protein diet, little extra cystine was excreted except on 
the days on which the methionine was fed. No extra cystine was 
excreted after the feeding of cystine. 

The cystine content of the hair of cystinuries of two family 
groups has been studied. It was thought that any cystine defi- 
ciency in the hair would be more apparent in this group of young 
cystinurics, where the demand for sulfur compounds for growth 
was greater than in adults. The cystine content of the hair of 
three cystinuric children, 5 to 10 years of age, did not differ mate- 
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rially from that of their normal brothers or sisters of approximately 
the same age. Analyses of the hair of adult cystinuries also 
showed no abnormalities in cystine content. 


ABSORPTION SPECTRA OF INDIGO SULFONATES 


By ROBERT G. LOEFFEL 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louts) 


The extinction coefficients of spectra recorded by Holmes?® for 
mono-, di-, tri-, and tetrasulfonates of indigo are found to be lower 
than the correct values, apparently owing to inadequate drying 
of Holmes’ preparations. The peaks of the bands given by Holmes 
are approximately correct. The spectra of the dyes (as oxidants) 
have been measured also in highly alkaline solutions. 

The leuco form of each dye exhibits three different colors, each 
characterizing a different pH zone. This fact is evidence of two 
acidic groups, the dissociation constants of which have been ap- 
proximately determined from the color change. Sullivan, Cohen, 
and Clark were unable to detect (by titration) the second acidic 
groups in the leuco forms. ‘The spectra of the leuco forms in solu- 
tions of high pH are distinctive and permit identification among 
the four sulfonates. 

The cherry-red intermediates between the blue oxidant and the 
yellow leuco forms, pH 11 to 12, are distinctive and exhibit bands, 
the location of which permits ready identification among the four 
sulfonates, the peaks being located approximately as follows: 
mono- 548; di- 553; tri- 577; tetra- 590 mu. 


OBSERVATIONS ON ADRENALECTOMIZED-DEPANCREATIZED 
AND HYPOPHYSECTOMIZED-DEPANCREATIZED CATS 


By C. N. H. LONG anp F. D. W. LUKENS 


(From the George S. Cox Medical Research Institute, University of 
Pennsylvania, Philadelphia) 


The material for this study consisted of sixteen depancreatized 


cats (Group A), fifteen adrenalectomized-depancreatized cats 
(Group B), and six hypophysectomized-depancreatized cats 
(Group C). 


20 Holmes, W. C., J. Am. Chem. Soc., 46, 208 (1924). 
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The adrenalectomized animals received varying amounts of a 
commercial cortical extract, but all of them sooner or later showed 
mild or marked symptoms of cortical insufficiency. As a conse- 
quence the survival and behavior of adrenalectomized-depan- 
creatized animals adequately treated with cortical hormone re- 
main an unsettled question. 

The average survival of Group A was 4 days (range 2 to 8 
days), of Group B 10 days (range 4 to 28 days), and of Group C 
40 days (range 18 to 85 days). None of the animals in Groups B 
and C died in coma, while in Group A this was the mode of death 
in fourteen out of sixteen cats. ; 

Under fasting conditions the average urinary glucose of Group 
A was 3.9 gm. per kilo a day, of Group B 0.4, and of Group C 1.7. 
The corresponding urinary nitrogen excretions were 1.6, 0.6, and 
1.0 gm. per kilo per day. 

In contrast to the doubly operated animals (Groups B and C), 
the majority of depancreatized cats exhibits marked ketonuria 
2 to 3 days after operation. In the former the excretion of acetone 
bodies is within normal limits throughout life, unless steps are 
taken to induce it. 

The injection of anterior pituitary extract (Squibb) did not 
increase. the glycosuria or ketonuria in the adrenalectomized- 
depancreatized animals but had a well marked effect on the 
hypophysectomized-depancreatized ones. Epinephrine increased 
the glycosuria in most of the doubly operated animals but only 
occasionally increased the ketonuria. 


GALACTOSE TOLERANCE AS MEASURED BY THE FOLIN MICRO 
AND MACRO BLOOD SUGAR METHODS 


By JOSEPH M. LOONEY anp E. MORTON JELLINEK 


(From the Memorial Foundation for Neuro-Endocrine Research and the 
Research Service of the Worcester State Hospital, Worcester) 


Sugar determinations were made by the Folin micro- and macro- 
methods on blood taken simultaneously, at 30 minute intervals, 
from the ear and vein of twenty-five schizophrenic patients who 
took 40 gm. of galactose. 

In blood from the ear the microvalue is consistently higher than 
the macrovalue in venous blood, giving a fasting blood sugar level 
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of 97.5 mg., a maximum at 1 hour of 122 mg., and after 2 hours 
95.0 mg. The macrovalues are control, 82 mg., 110 mg. at 1 
hour, and 88 mg. at 4 hours. 

The correlation coefficients between the micro- and macro- 
methods are for control, 0.16; at 1 hour, 0.67; at 3 hours, 0.20. 
The methods give a correlation of 0.62 for identical blood samples 
taken simultaneously from artery and vein. Then the micro 
mean value is consistently 6 mg. lower than the macro, and the 
arterial value is 3 mg. higher than the venous by either method. 
The values for arterial blood are micro 86.3 mg., macro 92.7 mg., 
for venous blood, micro 83.5 mg., macro 89.6 mg. The mean for 
arterial blood by the micromethod is 11 mg. lower than that from 
the ear, which indicates that tissue fluids squeezed out by manip- 
ulating the ear cause increase above the true value and make the 
results unreliable. 

The micromethod is less reliable than the macromethod, as it 
gives a correlation of only 0.20 between arterial and venous sugar, 
while the latter gives one of 0.64. 


THE OVARIAN FOLLICULAR HORMONE 


By D. W. MacCORQUODALE, SIDNEY A. THAYER, anp 
EDWARD A. DOISY 


(From the Laboratory of Biological Chemistry, St. Louis University School of 
Medicine, St. Louis) 


An attempt to isolate the estrogenic compound of liquor folliculi 
has given some interesting information. 

Several crystalline preparations which seem to be identical with 
each other have been obtained. The potency of these products in 
spayed rats is about 6 times that of theelin. 

The distribution ratio between 70 per cent ethyl alcohol and 
benzene is approximately 1; for theelin, 4; for theelol, 5. 

The erystalline material is soluble in dilute alkali, ether, ethyl 
alcohol, and benzene. The solubility in petroleum ether or water 
is very low. 

The crystals sublime at 0.02 mm. and 100°. 

The hormone is readily extracted from some organic solvents 
with 0.2 n NaOH; it can be removed from the aqueous alkali by 
extraction with ether. 
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OBSERVATIONS ON THE EXCRETION OF ESTRIN DURING 
PREGNANCY 


By G. F. MARRIAN, 8S. L. COHEN, ann M. WATSON 


(From the Department of Biochemistry, University of Toronto, 
Toronto, Canada) 


With the colorimetric method of assay previously developed by 
Cohen and Marrian, a quantitative study of the ‘‘free’’ (ether- 
soluble and physiologically active) and “‘combined’”’ (ether-in- 
soluble and relatively physiologically inactive) estrone and estriol 
present in human urine at different stages of pregnancy has been 
made. The combined estrone and estriol show a rapid increase 
from about the 6th month onwards, reaching figures averaging 3.0 
and 22.0 mg. per 24 hours respectively at 83 months. Up to this 
time the amounts of free estrone and estriol are 1 per cent or less 
of the amounts of these substances in the combined forms. 
Shortly before and during labor there occurs a sharp fall in the 
amounts of combined estrone and estriol excreted, and simul- 
taneously the amounts of the free hormones in the urine begin to 
rise. 

24 hours after parturition the amounts of the free hormones 
in the urine are greatly in excess of the amounts of the combined 
forms. 48 hours after, the amounts of both forms have fallen 
to a very low level. 

Changes in the estrin excretion similar to those observed before 
and during normal labor have been observed to occur in pseudo- 
labor. 

The results obtained may possibly be considered to lend some 
support to the view that estrin is concerned in the parturition 
mechanism. 


SOME EFFECTS OF THE INTRODUCTION OF ELECTROLYTES INTO 
THE CISTERNA ON THE BLOOD PRESSURE OF DOGS 


By M. F. MASON, H. RESNIK, Jr., anp TINSLEY R. HARRISON 


(From the Departments of Biochemistry and Medicine, Vanderbilt 
University School of Medicine, Nashville) 


Observations have been made concerning the response of blood 
pressure to variations in the composition of the cerebrospinal 
fluid. 


. 
24 
= 
* 
4 
> 


Ix Scientific Proceedings. XXIX 


Various salts were introduced into the cisterna magna of dogs 
and changes in blood pressure were recorded. It was found that 
potassium, ammonium, and phosphate ions in small concentrations 
produced well marked elevation in blood pressure. Whereas the 
calcium per se had little effect on the blood pressure, it could 
inhibit the rise in blood pressure ordinarily resulting from the 
introduction of pressor salts. 

These studies are being correlated with observations on the 
electrolyte pattern of the cerebrospinal fluid of patients with 
hypertension. 


EFFECT OF DEXTROSE INGESTION ON SERUM INORGANIC 
SULFATE 


By M. R. MATTICE, MAURICE BRUGER, anp M. DEREN 


(From the Departments of Biochemistry and Medicine, New York Pest- 
Graduate Medical School and Hospital, New York) 


The inorganic sulfate content of the serum (method of Power 
and Wakefield?!) was studied in twenty-three subjects before and 
at intervals of 30 minutes, 1 hour, and 2 hours following. the 
ingestion of 100 gm. of dextrose. Four types of curves were 
obtained; v2z., (1) a gradual and persistent decrease (seven cases), 
(2) a preliminary fall at the 30 minute period followed by a rise 
to the control level (six cases), (3) a preliminary increase at the 30 
minute period with a subsequent fall below the control level 
(seven cases), (4) a maintained rise throughout the test (three 
cases). The average of all figures for inorganic sulfate showed a 
diminution from the control approximately 0.1 mg. per cent at the 
30 minute period, 0.4 mg. per cent at the 1 hour period, and 0.7 
mg. per cent at the 2 hour period. 

In a second series, the serum inorganic sulfate was studied in 
eleven subjects before and at 30 minutes following each of two 
doses of 50 gm. of dextrose given 30 minutes apart. The sulfate 
changes were similar to those described above except that the 
variations were less marked. 

No direct relationship was observed between the changes in the 
whole blood sugar and the serum inorganic sulfate, although there 


21 Power, M. H., and Wakefield, E. G., Proc. Staff Meetings Mayo Clin., 
6, 401 (1931). 
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was a general tendency for the sulfate to fall as the blood sugar 
increased. 


STUDIES OF FAT METABOLISM IN LACTATION 
By L. A. MAYNARD anp C. M. McCAY 


(From the Laboratory of Animal Nutrition, Cornell University, Ithaca) 


Studies in this laboratory and elsewhere have failed to confirm 
the view that phospholipid is the blood precursor of milk fat. Our 
results show, however, that some blood lipid is taken up by the 
mammary gland. The problem has been studied further with 
cows and goats by following the changes in the iodine numbers of 
the blood and milk lipids, which result from feeding saturated and 
unsaturated fats. A change in the iodine number of the food fat 
is reflected in a marked corresponding change in the milk fat, 
usually within 24 and always within 48 hours, and the full effect 
is generally reached in 96 hours. ‘This is a surprisingly quick 
response in view of the nature of digestion in the ruminant and in 
view of certain current ideas on fat secretion. The changes in the 
iodine numbers of the total lipids of the blood are small compared 
to the corresponding changes in the milk. The much higher de- 
gree of saturation of the milk fat than of any of the lipid fractions 
of the blood means either a highly selective action by the gland or 
extensive transformations within the gland itself. Studies of the 
iodine numbers of the total lipids of the jugular and mammary 
vein blood fail to indicate a highly selective action, although the 
changes are in general in the direction expected. Some pre- 
liminary evidence has been obtained that the cholesterol esters 
may be concerned in fat secretion. 


HOMOZYGOUS MICE AS BIOCHEMICAL TEST ANIMALS 
By J. F. McCLENDON ann HAROLD STREET 


(From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis) 


Although the Wistar rat is a classical biochemical test animal, 
where only small amounts of substances are available it is desirable 
to use mice. Mice are quite hardy and resist extreme cold if 
free from infections. The objection raised to mice on account 
of slow growth rate is not valid unless the mice show greater 
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variability. This variability is less the more homozygous the 
breed of mice in regard to genes influencing growth. Bagg albinos 
have been used by a number of investigators. The coefficient of 
variability in body weight at birth is 15 per cent, at 1 week about 
18 per cent, at 2 weeks 20 per cent, at 3 weeks 21 per cent; then 
the variability decreases so that at 8 weeks it is about the same as 
at birth with but slight sex difference. This is somewhat greater 
variability than in rats but not sufficient to warrant the use of 
rats for very expensive substances. Bagg albinos grow about 
0.3 gm. per day to about the 18th day, when they almost cease 
growing; they then recover their former growth rate, which the. 
males maintain up to the 8th week but which is gradually reduced 
in the females. Rickets is as easily produced in these mice and 
as easily detected by means of x-rays as in rats. The mice are 
useful in testing vitamins, hormones, and amino acids. The 
breed of mice makes a difference in growth studies, as the mean 
body weight at 4 weeks of age is 9.64 gm., whereas that of other 
breeds of white mice varies from 8.55 to 12.07 gm. 


A BIOCHEMICAL METHOD FOR THE ASSAY OF THE THYROTROPIC 
HORMONE OF THE PITUITARY GLAND 


By D. ROY McCULLAGH anp BENJAMIN F, STIMMEL 


(From the Department of Biochemical Research, Cleveland Clinic, Cleveland) 


The histological appearance of the thyroid gland in animals 
varies so greatly that the value of such microscopical studies for 
the assay of thyrotropic hormone of the pituitary gland is quite 
limited. The change in the basal metabolic rate of small animals 
treated with thyrotropic hormone supplies an accurate method of 
assay. However, equipment for accurate determination of the 
basal metabolic rate of animals is not available in most labora- 
tories. For these reasons, we have used the decrease in iodine 
content of the thyroid gland in guinea pigs as a method of assay. 
1 unit of thyrotropic hormone is defined as that amount of hormone 
which when injected daily for 3 days into a guinea pig weighing 300 
gm. will cause a 50 per cent decrease in the thyroid iodine. The 
normal figure for thyroid iodine is established by analyses of 
thyroid glands of at least six animals raised on the same diet and 
under the same conditions as the group used for assay. Animals 
are injected in groups of four, the groups receiving varying doses 
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to determine the exact potency of the preparation. The iodine 
determinations are carried out by the method of the senior author. 
It is possible to make from sixteen to twenty determinations in a 
day. One lobe of the thyroid gland of a guinea pig contains 
ample iodine for chemical estimation. The other lobe can be used 
for histological study in order to check the assay by that method 
if desired. 


THE INVERSE RELATIONSHIP BETWEEN CALCIUM AND 
PHOSPHATE IN THE BLOOD* 


By FRANKLIN C. McLEAN anno MARIE A. HINRICHS 
(From the Physiological Laboratory of the University of Chicago, Chicago) 


Using the frog heart method for observation of Cat+ con- 
centrations, we have studied, 7n vivo and in vitro, the time curves 
and end-points of the reaction which occurs when the concentra- 
tion of phosphate in the blood is augmented. The velocity of the 
reaction, as manifested by a fall in Ca*++ concentration, varies 
with the concentration of phosphate, equilibrium being reached 
in vitro in 24 hours or less. When equilibrium is attained, the 
product Cat+ xX total phosphate is approximately constant. 
When the reaction occurs in the organism, its end-product is 
quickly removed from the blood, resulting in the fall in serum 
calcium reported by others. These studies support the hypothesis, 
advanced by others; of the formation, in the plasma, under certain 
conditions, of a colloidal, non-diffusible calecium-phosphate com- 
plex, and suggest that the well known inverse relationship between 
calcium and phosphate depends upon the formation and removal 
from the blood of this omngem, whenever the concentration of 
either is augmented. 

A similar reaction occurs in casein solutions and in saline solu- 
tions, but unless the equilibrium product is greatly exceeded, 
is initiated only at pH 7.6 or higher, the velocity of the reaction 
being also greater with increasing alkalinity. Since the reaction 
is favored by alkalinity and since the precipitate formed in saline 
solutions is Ca3(PO;)2, we incline to the belief that the complex 
formed in plasma is of similar composition. The fate of the 
complex in the organism is being investigated. 


* This work has been aided by a grant from the Josiah Macy, Jr., Founda- 
tion, 
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THE SEPARATION OF A HISTAMINE-LIKE SUBSTANCE FROM 
HYDROLYZED PROTEINS 


By THOMAS L. McMEEKIN 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


In separating the histidine fraction of hydrolyzed proteins a 
substance was obtained differing in certain respects from histidine. 
Unlike histidine it is precipitated by mercuric chloride in the 
presence of acetic acid and differs from histamine in that it is 
completely precipitated by mercuric sulfate in sulfuric acid solu- 
tions. A crystalline nitrate has been prepared from hydrolyzed 
gelatin and edestin respectively, suggesting that it is a constituent 
of both animal and vegetable proteins. ‘The analytical data on 
the crystalline nitrate, though still inadequate to prove structure, 
suggest that the imidazole group is present, since the diazo reaction 
is positive. 

The crystalline nitrate produces a marked fall in blood pressure 
when injected intravenously. Abel and Kubota in 1919 and 
Hanke and Koessler in 1920 reported blood pressure-reducing 
fractions of proteins, which may have contained the. crystalline 
compound that has now been isolated. The fall in blood pressure 
produced by the crystalline nitrate, though qualitatively similar 
to that produced by histamine, differs in being less effective per 
unit of weight. Neither the preparative procedure nor the ana- 
lytical data indicate histamine. 


IS CYSTINE SULFOXIDE AN INTERMEDIATE IN THE OXIDATIVE 
METABOLISM OF CYSTINE? 


By GRACE MEDES 
(From the Lankenau Hospital Research Institute, Philadelphia) 


The metabolism of cystine sulfoxide synthesized 
by Toennies and Lavine) in the human body has been studied in 
comparison with that of cystine in respect to: (a) completeness 
of oxidation, as shown by the neutral sulfur in the urine and by the 
normal cystine output (method of Shinohara, unpublished); (6) 
rate of oxidation, as shown by the rate of excretion of sulfates; 
(c) ability to replace cystine in the diets of rats. 

The evidence lends support to the theory that this compound 
may be an intermediate in the metabolism of cystine. 
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ON THE SUGAR RADICALS OF SOME “MUCOIDS”’ 


By KARL MEYER anp JOHN W. PALMER 


(From the Chemical Laboratory of the Department of Ophthalmology of the 
College of Physicians and Surgeons, Columbia University, New York) 


Recently we reported’ on the isolation of a sulfur-free nitrog- 
enous polysaccharide acid from the vitreous humor of cattle. 
A search was made for similar substances from other sources. 

By the same procedure a nitrogenous sulfur-free polysaccharide 
acid was obtained from human umbilical cord. The ease with 
which the sugar radicals from these two sources are isolated sug- 
gests that the mucins contain the sugar acids combined in a salt- 
like linkage with a basic protein. 

In contrast to these, commercial gastric mucin gave a sulfur- 
free polysaccharide in stable combination with a polypeptide. 

By this procedure cornea gave no sugar-containing material, 
but after treatment with weakly alkaline sulfide a sulfate-con- 
taining mucoid dissolved, which upon acidification yielded a com- 
pound resembling the mucoitinsulfurie acid of Levene and Lépez- 
Sudirez.> A similar product was obtained by alkaline hydrolysis. 

The gonad-stimulating hormone from pregnancy urine was also 
investigated. Data on its amino sugar, reducing sugar, and nitro- 
gen content indicate that this hormone should be classified with 
the “‘mucoids.”’ 


SPECTROSCOPIC EVIDENCE FOR DIFFERENT MODIFICATIONS OF 
CHOLESTEROL RESULTING FROM SIMPLE CHEMICAL 
TREATMENT 


By E. 8S. MILLER, F. P. ZSCHEILE, ELIZABETH M. KOCH, T. R. 
HOGNESS, AND F. C. KOCH 


(From the Departments of Chemistry and Physiological Chemistry, the 
University of Chicago, Chicago) 


Koch and Koch demonstrated differences in the ability of 
cholesterol to acquire antirachitic potency by irradiation as a 
result of simple chemical treatment such as heating the cholesterol 
in acid or alkaline solutions. The recent work of Waddell showing 
the antirachitic potency of certain irradiated cholesterol prepara- 
tions when fed to chicks supports these conclusions. From our 


* Meyer, K., and Palmer, J. W., J. Biol. Chem., 107, 629 (1934). 
*3 Levene, P. A., and Lépez-Suidrez, J., J. Biol. Chem., 36, 105 (1918). 
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previous knowledge of the absorption spectra of what we have 
regarded as pure cholesterol, such activation by irradiation is 
impossible, inasmuch as our pure cholesterol was transparent to 
ultra-violet light down to 2100 A. Itseems probable that different 
investigators are working with different forms of cholesterol. 
These discrepancies led us to undertake a thorough study of the 
change in cholesterol when subjected to simple chemical treat- 
ment. As evidence of these changes, we are using the absorption 
spectra as criteria. 

The method used in obtaining absorption spectra is that in- 
volving a monochromator, a photoelectric cell, an electrometer 
tube, and hydrogen arc. The spectral range is from 2150 A. to 
7000 A. with an accuracy in determining the absorption coefficient 
of less than 1 per cent error. 

We have evidence that simple chemical treatments result in 
marked changes in the absorption spectrum of cholesterol, which 
can only be interpreted as resulting from different isomeric forms. 

The bearing of this work upon known modifications of choles- 
terol is considered. 


PEPTIC HYDROLYSIS OF LACTALBUMIN 


By LILA MILLER 


(From the Laboratory of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor) 


The type of linkage cleaved by the action of pepsin on proteins 
has been studied by comparing the liberation of amino and car- 
boxyl groups. Sgrensen and Waldschmidt-Leitz established a 
1:1 ratio for casein, gelatin, ovalbumin, histone, and gliadin. 
In this study a 1:1 ratio has been found for lactalbumin. The 
methods used were the Van Slyke amino nitrogen method, the 
Willstaitter, the S¢rensen formaldehyde, and a modified Harris 
titration. The most rapid hydrolysis occurs during the first 4 
hours, 10.4 per cent of the total nitrogen being liberated as amino 
nitrogen, whereas 14.9 and 18.6 per cent are liberated in 24 hours 
and 7 days, respectively. 

The extent of hydrolysis at equilibrium depends upon the con- 
centration of enzyme. With an enzyme to substrate ratio of 1:5, 
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the cleavage is equivalent to 24 per cent of the total nitrogen 
(Van Slyke). With ratios 2:5, 4:5, and 6:5, the cleavage is 
equivalent to 25, 26, and 31 per cent, respectively. 

The acid concentration (pH 1.5 to 2) is not responsible for a 
significant portion of the hydrolysis. The amino nitrogen liber- 
ated in 7 days (30°) is 0.4 per cent of the total nitrogen. Partial 
enzymatic hydrolysis does not increase the susceptibility to acid 
hydrolysis, as is shown by maintaining heat-inactivated mixtures 
which have been digested to the extent of 7, 10, 11, 22, and 25 
per cent at 30°. The changes are almost within the experimental 
error. Furthermore, heating the digestion mixtures to a tem- 
perature of 80-85° for 5 minutes does not cause further hy- 
drolysis regardless of the extent of cleavage at the time. 


SPECTROPHOTOMETRIC STUDIES ON THE LIEBERMANN- 
BURCHARD REACTION FOR STEROLS 


By KENNETH MORGAREIDGE 


(From the Department of Biochemistry and the Institute of Optics, The 
University of Rochester, Rochester, New York) 


Quantitative spectrophotometry of the color produced in the 
Liebermann-Burchard reaction has been carried out for several 
sterols. The technique employed makes use of the Bausch and 
Lomb spectrophotometer, for which a special water-jacketed 
absorption cell was constructed. It was found that highly con- 
sistent results could be obtained only by means of rigid tempera- 
ture control and the use of absolutely anhydrous chloroform. 

Among the compounds studied were cholestene, allocholesterol, 
cholesterol, coprosterol, and cholestenone, which were found to 
give identical absorption spectra upon reaction with acetic an- 
hydride and sulfurie acid. -The absorption is confined to three 
bands, one in the violet below 4500 A., one in the orange at 6200 
A., and one in the red at 6750 A. 

Variations in structure, limited to the presence or absence of 
a double bond or hydroxyl group, or the position of the double 
bond, in Rings A and B of the sterol nucleus, make a considerable 
difference in the rate of formation of the colored compound, as 
measured by the time necessary for maximum absorption at 6200 
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A. to be reached. Thus, cholestene and cholestenone, with one 
and two double bonds, respectively, and no hydroxyls, required 5 
and 300 minutes; cholesterol required 25 minutes, and allo- 
cholesterol and coprosterol 14 and 70 minutes, respectively. 


GLYCOLYSIS AND GLUTATHIONE 


By SERGIUS MORGULIS 


(From the Department of Biochemistry, College of Medicine, University of 
Nebraska, Omaha) 


Various bloods were studied from the point of view of the 
changes in the reduced glutathione (GSH) occurring during 
glycolysis. It was found to be generally the case that the GSH 
either increases or remains unchanged during the glycolytic 
process, but if glycolysis is suppressed or when the glycolytic 
process is far advanced or actually completed, the GSH diminishes 
to a greater or less extent. In hog bloods, those which do not 
glycolyze (about 60 per cent) show a decrease in the GSH of 
from 1.0 to 5.6 mg. per cent, whereas in the glycolyzing samples 
the GSH remains unchanged or, as was the case in a few bloods, an 
actual increase of over 2.0 mg. per cent occurs. Similar results 
were obtained with dog, rabbit, and human bloods. ‘The behavior 
of goose blood is rather peculiar. The fresh blood, which prac- 
tically does not glycolyze at all, shows a marked and continuous 
rise in the GSH during the incubation. Treated with KCN, the 
blood glycolyzes quite actively, and the GSH curve, though it 
resembles closely the GSH curve of the non-glycolyzing untreated 
blood, show a much smaller rise, especially after the 2nd hour of 
incubation. Experiments with rabbit blood show that added 
GSH has absolutely no effect on the progress of glycolysis and 
disappears very rapidly. Increasing the glycolytic activity of 
the blood with KCN does not influence the GSH curve, but sup- 
pressing the glycolysis with NaF brings about a loss in GSH which 
after the 6th hour becomes very rapid. 
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SOME EFFECTS OF FATIGUE ON THE ACID-BASE BALANCE OF THE 
BLOOD SERUM OF THE NORMAL DOG 


By MINERVA MORSE anp FREDERIC W. SCHLUTZ 
(From the Department of Pediatrics of the University of Chicago, Chicago) 


A study has been made of the changes in the acid-base balance 
of the blood serum of the normal dog as a result of exercise to 
exhaustion. 

With exhaustion produced by swimming at 38° there was always 
a fall in protein concentration, accounted for by the drawing of 
blood samples and by dilution from the intake of water during the 
exercise. In all treadmill experiments (22 per cent incline) with- 
out water, increased protein concentrations indicated a concen- 
tration of blood with exercise. In treadmill experiments with 
water intake, there was little change in protein concentration. 
The total salt concentrations changed in a similar manner and 
were accounted for almost entirely by dilution or concentration 
of the blood. However, such an explanation did not suffice for 
the serum bicarbonate, lactate, and phosphate changes. 

A decrease in serum bicarbonate with swimming was with few 
exceptions quantitatively accounted for by entrance of lactic 
acid into the blood; with treadmill exercise the decrease in bi- 
carbonate was often greater than the increase in lactate, but in 
such cases there was a compensatory fall of base or rise in chloride. 
With one exception phosphate concentrations decreased, regardless 
of the mode of exercise. 

The total fixed base concentrations found agreed within the 
limits of experimental error with those calculated by adding to- 
gether the anions determined (bicarbonate, chloride, lactate, 
phosphate, and proteinate), both-before exercise and at exhaustion; 
this is evidence that no other anion entered or increased in the 
blood during exercise in quantities detectable by our methods. 


UREA CLEARANCE DURING NORMAL PREGNANCY 
By MARGARET NICE 


(From the Laboratory of Maternity Hospital, Western Reserve University, 
Cleveland) 


The changes in urea clearance which have been reported for 
normal and toxemic pregnancy indicate that pregnancy may 
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have a fundamental effect upon kidney function. This is further 
emphasized by the characteristic low blood urea of pregnancy, 
which could result from an increased kidney function. 

To establish the urea clearance rate during normal pregnancy, 
95 tests were run in series on thirteen normal women from the 
5th month ante partum to the 8th month post partum. Clear- 
ances were also run on normal non-pregnant women, and before 
and after feeding urea to pregnant women. 

The results show that there is no significant variation of the 
urea clearance rate from month to month during pregnancy, but 
that the ante partum mean of 157 per cent is significantly higher 
than the post partum mean of 96 per cent, or than that for the 
non-pregnant normals, of 105 per cent. The last two figures are 
not significantly different, and closely approximate Van Slyke’s 
normal of 100 per cent. The feeding of urea had no effect upon the 
elevated clearance rate of pregnancy. This establishes 4 high 
urea clearance rate, and hence an increased kidney function, 
during normal pregnancy. It may in turn be responsible for the 
low blood urea. 

Although kidney function has been studied chiefly from the 
point of view of explaining kidney deficiency, the mechanism of 
this increased urea clearance rate can be discussed by using the 
conclusions of those findings which may logically be reversed. 


THE IONIZATION OF LACTIC ACID FROM ZERO TO FIFTY DEGREES 


By LESLIE FREDERICK NIMS anv PAUL K. SMITH 


(From the Departments of Physiclogy, and of Pharmacology and Toxicology, 
Yale University School of Medicine, New Haven) 


The thermodynamic ionization constant of lactic acid has been 
determined at 12.5° intervals from 0—-50°. Electromotive force 
measurements were made of cells without liquid junction contain- 
ing buffer solutions of hydrochloric acid with lithium, barium, or 
strontium lactate. 

The measurements indicate that lactic acid has a maximum 
ionization at 23.6°, pk 3.866 at 25°, and pk 3.877 at 37.5°. The 
free energy and heat of ionization are given as functions of the 
temperature. 


\ 
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WATER DISTRIBUTION IN THE BLOOD OF PREGNANT AND NON- 
PREGNANT WOMEN 


By FRED W. OBERST anp E. D. PLASS 


(From the Department of Obstetrics and Gynecology, State University of 
Iowa, Iowa City) 


The distribution of water between plasma and cells was studied 
in 60 women: including ten non-pregnant, twenty late in 
pregnancy, ten early in labor, ten at delivery, and ten during the 
puerperium (7 to 9 days after delivery). Umbilical cord blood 
was drawn immediately after birth. Determinations included the 
specific gravity and water content of whole blood and plasma, the 
cell volume and hemoglobin of whole blood, and the total proteins 
of plasma. ‘The data on the red blood cells were calculated. 

The higher water content of plasma and red cells in pregnant 
than in non-pregnant women was associated with decreased specific 
gravity and diminished total plasma protein. The cell volume 
and hemoglobin concentration of whole blood were decreased in 
the pregnant women, but the hemoglobin concentration in the 
cells was increased. 

Early in labor the plasma and cells became slightly more con- 
centrated. The water content was decreased, while the specific 
gravity, plasma protein, cell volume, and hemoglobin were in- 
creased. At the time of delivery, these changes were considerably 
more marked. 

The water content of plasma and cells in cord blood was higher 
than in maternal blood. Even though the cell volume and hemo- 
globin of fetal whole blood were much higher than in maternal 
blood, the hemoglobin per kilo of water was lower. 

After delivery, the average values for the various constituents 
approached those of the non-pregnant group, although the hema- 
tocrit and hemoglobin remained higher and the water content of 
both plasma and cells was lower. 
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THE EFFECT OF UNDERNUTRITION AND OF SPECIFIC VITAMIN 
DEFICIENCY ON THE LIVER LIPIDS OF CHOLESTEROL- 
FED RATS 


By RUTH OKEY anp HELEN L. GILLUM 


(From the Laboratory of Household Science, University of California, 
Berkeley) 


The general plan used for feeding the rats and the technique for 
analysis of tissues have been described in previous papers from 
this laboratory. Litter mates, paired as to weight and sex, were 
placed at weaning on the experimental diets, and, as a rule, half 
of each litter was given cholesterol to the extent of 1 per cent of 
the total food eaten and half fed the corresponding diet without it. 

The “undernourished” animals were limited to the same weight 
gain as the vitamin A-deficient animals. The rats were killed at 
approximately 100 days of age and the moisture content, fatty 
acids, total and free cholesterol, and lecithin of the livers deter- 
mined. In the underfed rats the percentage of liver cholesterol 
ester was higher and the total fatty acid somewhat lower than in 
the cholesterol-fed controls. The vitamin A-deficient animals 
had almost as high a percentage and approximately three-fourths 
as great a total amount of liver cholesterol as their controls. 

This was in marked contrast to the cholesterol-fed animals 
deprived of a source of vitamin B, 30 days before killing, in that the 
latter had average liver cholesterol values of less than 1 per cent 
in contrast to control values of 4 to 8 per cent. Neutral fat was 
very low in this group but was not affected to a significant extent. 

The vitamin G-deficient cholesterol-fed animals had _ liver 
cholesterol values varying from 1.5 to 4 per cent, with total fatty 
acids averaging about 11 per cent. 


THE ABSORPTION SPECTRUM AND OTHER PROPERTIES OF 
VITAMIN E 
By H. 8. OLCOTT 
(From the Biochemical Laboratory, State University of Towa, Iowa City) 
A band at 2940 A. has previously been detected in the ultra- 
violet absorption spectra of vitamin I. concentrates from wheat 


germ and cottonseed oils. The presence of this band in the spee- 
trum of material prepared in an exactly similar manner from palm 
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oil but devoid of vitamin E activity is further evidence that the 
band is the property of some other constituent of wheat germ and 
cottonseed oils, and not a property of the vitamin. Vitamin E 
is destroyed by methylation with dimethyl sulfate or with methyl 
iodide and silver oxide. Hydrogenation over Ni at 250 to 280 
atmospheres and 230° suffices neither to saturate the concentrate 
nor to destroy the vitamin activity.4 These and previous results 
suggest that vitamin FE contains a hydroxyl group and a double 
bond. The double bond adds halogens easily and hydrogen with 
difficulty if at all. 


ESTIMATION OF AMINO SUGAR 


By JOHN W. PALMER anp KARL MEYER 


(From the Chemical Laboratory of the Department of Ophthalmology of the 
College of Physicians and Surgeons, Columbia University, New York) 


The colorimetric amino sugar method of Elson and Morgan,” 
based on the reaction of Ehrlich’s reagent with the condensation 
product of acetylacetone and amino sugar, does not follow Beer’s 
law over the range originally suggested. Furthermore, with 
hydrolysates of some sugar-containing complexes the colors ob- 
tained do not match those with the glucosamine hydrochloride 
standards. These errors were eliminated by spectrophotometric 
comparison when samples containing 0.05 to 0.3 mg. of glucosamine 
hydrochloride were used. 


THE PROTHROMBIN IN HEMOPHILIA AND IN OBSTRUCTIVE 
JAUNDICE 
By ARMAND J. QUICK 
(From the Department of Surgery of the Fifth Avenue Hospital, New York) 
On the assumption that blood clotting proceeds in two steps: 


Prothrombin + thromboplastin + calcium = thrombin 
Fibrinogen -++ thrombin = fibrin 


and that the rate of clotting is proportional to the concentration 
of thrombin, a means for the determination of prothrombin is 


**7T am indebted to Dr. Homer Adkins of the University of Wisconsin 


for the hydrogenation. 
* Elson, L. A., and Morgan, W. T. J., Biochem. J., 27, 1824 (1933). 
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proposed. If the first phase proceeds according to the law of 
mass action, the rate of thrombin formation is a product of the 
concentration of prothrombin, thromboplastin, and calcium. 
When oxalated plasma is used and recalcified with the optimal 
amount of calcium (0.1 cc. of 0.025 m calcium chloride added to 
0.1 ce. of plasma obtained by mixing 9 ec. of blood with 1 ec. of 
0.1 mM sodium oxalate), and an excess of thromboplastin added 
(obtained from rabbit brains), only prothrombin is left as a vari- 
able and its concentration should determine the clotting time. 
Oxalated plasmas of man, dog, and rabbit on recalcification clot 
approximately in 120 seconds, but with excess thromboplastin, 
human plasma clots consistently in 22 to 25 seconds, dog plasma 
in 10 seconds, and rabbit plasma in 12 seconds, which indicates 
a much higher concentration of prothrombin in dog and rabbit 
blood than in that of man. Plasma from five cases of hemophilia 
clotted as rapidly as the normal, 7.e. 22 to 25 seconds, with excess 
of thromboplastin. This suggests that in hemophilia the pro- 
thrombin is normal in quantity and quality, but thromboplastin 
is deficient. Plasma from various types of obstructive jaundice 
often showed delayed clotting, as long as 90 seconds in the presence 
of excess thromboplastin. Thus, the hemorrhagic diathesis of 
obstructive jaundice appears to be due to a deficiency of 
prothrombin. 


STUDIES ON THE ACID-BASE CONDITION OF BLOOD 


V. THE INFLUENCE OF PROTEIN CONCENTRATION ON THE 
COLORIMETRIC pH DETERMINATION OF BLOOD SERUM 


By HOWARD W. ROBINSON, J. WAIDE PRICE, anp 
GLENN E. CULLEN 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


We have studied further the effect of increase and decrease of 
protein concentration on the C correction at approximately con- 
stant CO, tension, total COs, and pH by concentrating dog sera 
in an ultrafiltration apparatus. For the dilution experiments the 
original serum was diluted with its ultrafiltrate. The samples 
were equilibrated in the Simms electrode and the CO, and pH 
determinations made as previously described. 
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We have found, with twenty-five sera, a relationship similar to 
that reported by Myers et al. for every individual sample of serum. 
The change of C correction per gm. of protein between 4 and 6.5 
gm. of protein per 100 ce. is about 0.02 pH unit. However, the 
variations in the C corrections in samples of sera taken from the 
same animal at different times have no consistent relationship 
to the protein concentration. Thus, for example, in Dog F the 
C values for seven sera, taken at different times, varied between 
(0.28 and 0.39, while the protein concentration varied only between 
5.8 and 7.3 per cent. Even with this slight change in protein there 
was no association between high and low protein and high and low 
values. 

From these experiments we conclude that although there is a 
definite relationship between the protein concentration and the 
C value, there must be other factors which have greater influence 
than change in protein concentration. 


A COLORIMETRIC METHOD FOR THE DETERMINATION OF ASCOR- 
BIC ACID AND A COMPARISON OF RESULTS OBTAINED 
BY THIS PROCEDURE AND THE DICHLOROPHENOL 
INDOPHENOL TITRATION METHOD 


By JOSEPH H. ROE 


(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 


A colorimetric method has been developed for the determination 
of ascorbic acid which is based upon the formation of furfural from 
ascorbic acid when the latter is boiled with HCl and the develop- 
ment of a color by the reaction of aniline with the furfural. Acetic 
acid is used as a buffer against excess aniline and the color is 
stabilized by the use of an antioxidant, SnClz. Ascorbic acid 
exists in foods in a reduced form and a reversibly oxidized form. 
Only the reduced form of ascorbie acid gives furfural under the 
conditions of this procedure, but the oxidized form may be readily 
determined by boiling with HCl containing SnCl.. A comparison 
of the ascorbic acid content of foods determined by this method 
and ‘Tillmans’ 2 ,6-dichlorophenol indophenol titration procedure 
has been made. Good agreement between the two methods was 
obtained upon fresh foods, but foods that have aged show a higher 
value by the colorimetric method because Tillmans’ method does 


a 
* 
z 
4 
Z 


Ixxvl Scientific Proceedings. XXIX 


not measure the reversibly oxidized ascorbic acid. A study of the 
antiscorbutie value of reversibly oxidized ascorbie acid is being 
made. 


DETERMINATION OF INDICAN IN URINE 
By ANTON R. ROSE anp WILLIAM G. EXTON 


WiTH THE ASSISTANCE OF FRED SCHATTNER, Mary McCartuy, ANbD 
E. HorninG 


(From the Laboratory and Longevity Service of The Prudential Insurance 
Company of America, Newark) 


The formation of indigo from indican by iron chloride in concen- 
trated HCl is prevented by resorcinol, which gives a red substance 
with indoxyl. ‘This red color is more intense than the indigo blue 
of the Obermayer or Jolles methods, and the difference in intensity 
becomes even greater when extracted with amyl acetate. Some 
resorcinol derivatives are better for this purpose than resorcinol; 
the side chains which give the best results are primary and sec- 
ondary hexyl, dibutyl, and octyl. 

Cupric bromide is a more efficient oxidizing agent than iron 
chloride; 1 drop of the resorcinol derivative in 1/20 saturated alco- 
holic solution is added to 1 ee. of the urine sample, which is then 
mixed with 2 ec. of 0.5 per cent solution of cupric bromide in con- 
centrated HCl. After standing a minute or two, the red com- 
pound is then extracted with 4 ec. of amyl acetate. | 

Since blocking of the indoxyl molecules by the dihydroxybenzene 
may not be complete, with resultant bluish admixture in the 
cherry, the color comparison is preferably made in a scopometer in 
which measurements of color density are not disturbed by slight 
color admixtures or shifts of hue. Since, even when obtainable, 
indican does not keep well, we calibrate the scopometer with 
solutions of pure indigo and construct a calibration curve for the 
indican test by referring the indican to the indigo curve. This is 
done with samples of urine rich in indican from which indigo is 
obtained and estimated quantitatively by permanganate titration. 
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ISOLATION OF THE “UNKNOWN ESSENTIAL” PRESENT IN 
PROTEINS 


By WILLIAM C. ROSE, RICHARD H. McCOY, CURTIS E. MEYER, 
HERBERT E. CARTER, MADELYN WOMACK, anp 
EDWIN T. MERTZ 


(From the Laboratory of Physiological Chemistry, University of Illinois, 
Urbana) 


Investigations in this laboratory during the current year have 
demonstrated the fact that our so called ‘‘unknown essential”’ 
consists of two factors,”* which until recently have been desig- 
nated as Unknown I and Unknown II. Of these, the former is 
much more soluble in butyl alcohol than is the latter. Unknown 
I was promptly identified as isoleucine. ‘This amino acid was not 
present in sufficient amounts in our former basal diet. This fact, 
and the reasons therefor, will be discussed later. 

The discovery that isoleucine was one of the limiting factors 
greatly expedited the separation of the other compound. The 
latter (Unknown II) has now been obtained in pure, crystalline 
form. The essential features in its separation are as follows: 
removal of the less soluble amino acids from a hydrolyzed protein 
by direct crystallization, preparation of the copper salts of the 
remaining materials, and exclusion of those which are relatively 
insoluble in water. The water-soluble copper salts are then freed 
of copper, and the aqueous solution is repeatedly extracted with 
large volumes of butyl alcohol. The combined solid material 
recovered from Extracts 4 to 17 inclusive is then redissolved in 
water and reextracted a few times with butyl alcohol for the removal 
of the remainder of the isoleucine. The water layer is treated with 
phosphotungstic acid under appropriate conditions, and the 
filtrate is subjected to fractional crystallizations with different 
concentrations of alcohol. 

The pure product has a uniform crystal structure, and promotes 
excellent growth when included in the basal diet to the extent of 
0.4 to 0.5 per cent. Analyses of it and its derivatives, together 
with certain other properties, show that it is one of the a-amino- 
8-hydroxy-n-butyric acids. On reduction it yields a-amino-n- 
butyric acid. Its spatial configuration, as demonstrated by syn- 
thesis, is identical with one of the two stereoisomeric a-amino-f- 


** Womack, M., and Rose, W. C., unpublished data. 
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hydroxy-n-butyric acids obtained from isocrotonic acid. These 
will be resolved and compared chemically and physiologically 
with the natural product in the near future. 


STUDIES ON GROWTH FACTORS; THEIR EFFECT ON THE 
GROWTH OF CERTAIN PATHOGENS, AND THEIR EF- 
FECT ON ESCHERICHIA COLI* 


By MELVILLE SAHYUN 


(From the Department of Bacteriology and Experimental Pathology, Stanford 
University, California) 


The sources of growth factors investigated were derived from 
peptone and red blood corpuscles. Two procedures were em- 
ployed: (a) extraction by alcohol, such as ethyl and butyl alcohol, 
precipitation with phosphotungstie acid, and ultrafiltration; (6) 
acid hydrolysis and repeated extraction of the hydrolysate by 
ethyl alcohol. 

By extraction with alcohol two different growth factors were 
observed: (1) a butyl aleohol-soluble and (2) a butyl aleohol- 
insoluble factor. Both were ultrafiltrable through cellophane No. 
600, showing a molecular weight approximating that of a disac- 
charide. They behaved like organic acids. 

By acid hydrolysis the growth factor prepared appeared to be 
similar to the non-butyl alcohol-soluble factor. The butyl alcohol- 
soluble factor is destroyed by acid hydrolysis. 

Effect on Pathogens—Pathogens grew luxuriantly upon repeated 
reculturing for over a month in a buffered synthetic medium con- 
taining essential amino acids and the butyl alcohol-insoluble 
growth factor. With one exception, in the same synthetic me- 
dium without this growth factor, the same microorganisms did not 
survive repeated reculturing. 

Effect on Escherichia coli—In a synthetic medium containing 
nitrogen as ammonium sulfate, Escherichia coli grew very slowly. 
The addition of the growth factor in minute amounts accelerated 
the rate of growth and carbohydrate metabolism of Escherichia 
coli. Escherichia coli was also observed to secrete a growth factor, 
the properties of which resembled those of the butyl alcohol- 
insoluble factor. This factor was adsorbed on activated charcoal 
and recovered. 


*Supported in part by a grant from Eli Lilly and Company, Indianapolis. 
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MINERAL PARTITION DURING INTESTINAL DIGESTION 


By PHILIP J. SCHAIBLE, 8S. L. BANDEMER, anp J. M. MOORE | 


(From the Chemical Laboratory, Michigan Agricultural Experiment Station, 
East Lansing) 


While there is considerable doubt as to all the factors involved in 
absorption from the intestine, most theories specify intimate 
contact of the substance in solution with the surface of the tract. 
Thus, since it is the liquid phase of the intestinal contents that is 
important for absorption at any point, the analysis and reaction 
of this medium are of particular interest. 

Rations of normal and high mineral contents were fed to chicks 
for 5 weeks. Blood and the right tibia were obtained for analysis 
and the gastrointestinal tract removed. ‘The small intestine was 
divided into three approximately equal sections and their contents 
expressed. In order to obtain the liquid phase from small quan- 
tities of intestinal contents, a portion of the material was blotted 
with filter paper. The absorbed liquid thus obtained and an aliquot 
of the total contents were analyzed for mineral constituents. 

With the data obtained in this manner, an attempt was made 
to determine the influence of normal and high mineral rations on 
the composition of the liquid and total contents of the intestine. 
It was found that the concentration of mineral in the absorbable 
liquid phase was not a reflection of that in the ration, as one might 
reason. As a result, mineral ratios were frequently very different 
from those considered optimum in the diet. There were indica- 
tions that the organic as well as the inorganic part of the ration 
influenced the concentrations found. 


SPECIFICITY OF STEROL ABSORPTION 


By RUDOLF SCHOENHEIMER, WARREN M. SPERRY, anv 
HENRIK DAM 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


It has been shown previously that the absorption of sterols from 
the intestinal tract is highly specific in regard to chemical structure. 
While cholesterol is easily absorbable, other sterols, such as 
phytosterols and coprosterol, with small differences in chemical 
structure, are practically non-absorbable. 
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The sterol most similar to cholesterol is allocholesterol, which 
differs only by a shift of the double bond from A 5 to 6 to A 4 to 5. 
It has been found in experiments on mice and dogs that this small 
change in structure is sufficient to interfere markedly with ab- 
sorbability. 

Ostreasterol, isolated from oysters, and kindly given to us by 
Dr. Werner Bergmann of Yale University, was absorbed only to a 
slight degree by mice. This sterol is of particular interest, since 
it is of animal origin but closely related in structure to the plant 
sterol, sitosterol. 

Some experiments concerning the specificity of sterol esterases 
and their relation to sterol absorption will be discussed. 


THE AVAILABILITY OF TISSUE NUTRIENTS AFTER ALCOHOL 
EXTRACTION AND AFTER HEATING* 


By WALTER H. SEEGERS 


(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


The impaired nutritive value of liver and other animal tissues 
as the result of alcohol extraction or of heating has been explained 
as due either to the removal of a necessary dietary constituent or 
to damage done to the protein. Since liver is the most vulnerable 
among the animal tissues, it has been studied in greater detail. 
An otherwise adequate ration containing alcohol-extracted liver 
(130 hours) as the source of protein at a 15 per cent level does not 
support growth in rats. This is due to an impaired digestibility 
and a decrease in the biological value of the protein as well as to 
the removal of valuable nutrients. When this extracted liver is 
hydrolyzed with H.SO, before incorporation in the ration with 
tryptophane, growth is more rapid than on the unhydrolyzed 
preparations. 

Heating dried whole liver for 2 weeks at 100° lowers its biological 
value only slightly, but also decreases its digestibility. Heating 
at 120° for 3 days lowers the digestibility to that of 130 hours 
alcohol-extracted liver. Confirmatory in vitro digestion experi- 
ments also included a study of beef heart, round, and kidney. The 
protein of heated liver is also made more available for metabolic 


* Supported in part by a grant from the National Live Stock and Meat 
Board through the Committee on Grants of the National Research Council. 
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purposes by acid hydrolysis. The impairment of the nutritive 
value of animal tissue proteins by alcohol extraction and by heat- 
ing at 100—120° seems to be largely a decrease in their digestibility ; 
the amino acids themselves are not altered. 


THE GASOMETRIC DETERMINATION OF CHLORIDE IN SERUM 
AND URINE 


By JULIUS SENDROY, Jr. 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


A rapid, accurate chloride method has been developed, with 
1.0 or 0.5 ec. of serum, based onthe principle of the differential 
solubility of difiicultly soluble salts having a common ion. 

The procedure, in general, is as follows: The material to be 
analyzed is diluted with 0.5 per cent H;PQ,, so that the chloride 
content is about 10 mm per liter. Without further treatment, 
solid AgIO; is added to the solution, and the whole shaken vigor- 
ously for 1 minute. The reaction, which is almost instantaneous, 
is AglIO; + NaCl — | AgCl + NalO;. The silver chloride is 
filtered off or centrifuged, and the iodate in solution is then meas- 
ured manometrically, according to the reaction 3N.H, + 2NalQ; 
— 7? 3N. + 2NalI + 6H,O. The iodate may also be measured 
titrimetrically, and in some cases, colorimetrically, by the addition 
of IxI. 

The removal of proteins from serum or urine is unnecessary. 

For all measurements, suitable blanks are performed. 

The accuracy of the macromethod outlined above is 0.5 per cent. 
A micromethod, with 0.2 or 0.1 ce. of serum, is now being 


developed. 


TITRATION OF MOUSE TUMORS 


By M. J. SHEAR 


(From the Office of Cancer Investigations, United States Public Health 
Service, Harvard Medical School, Boston) 


In therapeutic experiments positive results may be overlooked 
if the effect of the treatment on tumor growth is obscured by un- 
controlled biological variations. Variations in the reactions of the 
animals were minimized by the employment of mice of genetically 
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pure strain. Immunological reactions were minimized by the 
employment, for transplanting, of tumors which had arisen origi- 
nally in mice of the same pure strain. Variations in the growth 
properties of the different portions of the tumors used in trans- 
planting were avoided by the use of equal volumes of homogeneous 
tumor suspensions. 

Healthy tumor tissue, after mincing, was shaken with balanced 
salt solutions containing gelatin. The latter served the double 
purpose of retarding sedimentation and of counteracting the de- 
structive swelling of tumor cells which occurs in protein-free solu- 
tions. After light centrifuging, equal volumes of the homogeneous 
suspensions were used for the inoculation of other mice. 

With concentrated suspensions, takes were obtained in all cases. 
Highly diluted suspensions gave rise to no tumors. Intermediate 
dilutions were sought which gave rise to tumors in about 50 per 
cent of the cases. With different tumors, this mid-point in the 
titration occurred at different dilutions. Two strains of mice 
were employed, and titrations were carried out with two tumors of 
each strain. Duplicate titrations gave good agreement. 

This more quantitative technique is now being employed in the 
therapeutic experiments. When dilute suspensions are used, the 
time required for the development of the tumors is materially 
lengthened, thus increasing the period available for assays of 
preventive and curative treatments. | 


EFFECTS OF NITROGENOUS SUBSTANCES UPON SUGAR 
DETERMINATION 


By FAY SHEPPARD anp MARK R. EVERETT 


(From the Department of Biochemistry and Pharmacology, University of 
Oklahoma Medical School, Oklahoma City) 


By quantitative studies of nitrogenous compounds we have 
determined Sumner and Folin-Wu glucose equivalents, effects 
upon simultaneous oxidation of glucose, and permissible concentra- 
tions in analytical samples. Nitrogenous phenols, diphenols, cre- 
atine, creatinine, and bile pigments reduce Sumner’s reagent 
slightly. These substances and diamines, sulfhydryl derivatives, 
cyclic amino acids, hydantoins, and purines reduce the Folin-Wu 
reagents. Sumner to Folin-Wu ratios for these substances are low, 
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only creatine and bile pigments exceeding 0.10. Higher ratios 
indicate the presence of carbohydrates. 

Diphenols, especially dihydroxyphenylalanine, hydroquinone, 
and epinephrine, are powerful reductants whose Folin-Wu equiva- 
lents resemble those of monosaccharides. In appropriate concen- 
trations they catalyze the oxidation of glucose, epinephrine being 
most active. Glucose oxidation by Sumner’s reagent is decreased 
by many amino acids, increased by some; by the Folin-Wu rea- 
gents, increased by amino acids, hydantoins, etc., decreased by 
larger amounts of amino acids, by ammonia, cyanates, nitrites, 
thiocyanates, tyramine, and xanthine. Here cystine reduces as 
powerfully as cysteine. ‘Thiocyanates bleach reduced phospho- 
molybdie acid completely. Glucose oxidation by Sumner’s rea- 
gent is depressed by amines and amino acids in proportion to their 
amino nitrogen. 

Experiments with artificial urine demonstrate that Sumner’s 
method gives low values for urine sugar, the Folin-Wu method high 
values. Acid hydrolysis produces nitrogenous material which 
reduces only the copper reagent; therefore hydrolyzable sugar is 
more correctly determined by Sumner’s method. This substance 
is removed by Lloyd’s reagent. The latter also removes one-third 
of ammonia and glucosamine. The only reducing substances 
completely removed are bile pigments, creatinine, diiodotyrosine, 
and uric acid. 


DETERMINATION AND METABOLISM OF CITRIC ACID 


By CAROLINE C. SHERMAN, LAFAYETTE B. MENDEL, anp 
ARTHUR H. SMITH 


(From the Department of Physiological Chemistry, Yale University, 
‘New Haven) 


The Pucher, Vickery, and Leavenworth method for the deter- 
mination of citric acid has been adapted to a stufenphotometric 
estimation of 0.01 to 1.50 mg. quantities of citric acid. The 
method has been applied satisfactorily to the analysis of blood, 
urine, feces, tissues, and other biological materials. Simultaneous 
blood and urine studies have been made in animals to which citric 
acid has been administered per os. 

The effect of a variety of factors on the citric acid content of 
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blood and urine in dogs on a synthetic, ‘‘citrate-low”’ diet has 
been determined. 


A PRECISION METHOD FOR THE DETERMINATION OF CYSTEINE 
APPLICABLE TO THE STANDARDIZATION OF 
CYSTEINE HYDROCHLORIDE 


By KAMENOSUKE SHINOHARA 
(From the Lankenau Hospital Research Institute, Philadelphia) 


HgCl, combines rapidly and without forming a precipitate with 
cysteine in an acetate buffer of pH 5 in accordance with Equation 1 


2R—S—H + HgCl. = R—S—Hg—S—R + 2HCl (1) 


The color produced by phospho-18-tungstic acid and cysteine is 
in direct proportion to the concentration of cysteine, and inde- 
pendent of that of the former, provided it is present in excess. 

Consideration of these two facts will give Equation 2, which is 
valid as long as the HgCl, is less than the equivalent amount of 
cysteine: 


I = I, — (100/(100 — a)) x (2) 


where I is the color intensity developed by the complex acid ina 
cysteine solution containing z N HgClh, Jo that of a solution con- 
taining no HgCl, but the same amount of cysteine, and a@ the per- 
centage of impurities. 

Therefore, the color intensities of solutions containing a definite 
amount of cysteine and varying amounts of HgCl, are measured. 
The amount of HgCl, just sufficient to combine with the cysteine 
is determined by actual experimentation, by graphical interpola- 
tion, or by the method of least squares, and the purity of the sample 
calculated. The color reaction is sensitive, the probable experi- 
mental error being +0.2 per cent. Thioglycolic acid can also be 
standardized by this method. 

The water content of the sample can easily be determined by 
drying it on phosphorus pentoxide at room temperature. At 100° 
HCl is lost and cysteine decomposes. HCl determination, which 
is carried out easily, also aids standardization. Cysteine is deter- 
mined by the sulfite and phospho-18-tungstic acid method in the 
aforesaid buffer. 

Commercial cysteine hydrochlorides were found to be 82 to 94 
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per cent pure, the impurities being mainly water and a little 
cystine. 


RICKETS AND TETANY DUE TO LOW CALCIUM DIETS 


By ALFRED T. SHOHL 


(From the Infants’ and Children’s Hospitals, and the Department of 
Pediatrics, Harvard Medical School, Boston) 


The ricketogenic properties of diets for rats have been investi- 
gated, especially those low in calcium and high in phosphorus. 

The basal diet is that of Steenbock and Black, Ration 2965,?’ 
altered by various additions of CaCO; and KH2PQO,. The criteria 
of the effects produced have been histological examination, Roent- 
genograms, and ash analyses of the bones; quantitative determina- 
tion of the serum calcium, phosphate, and protein; galvanic elec- 
trical reactions. The results show that the levels or absolute 
amounts of the calcium and phosphorus are as important as the 
ratios of these constituents. Provided both the levels and ratios 
are considered, not one given diet but a number of diets are thus 
offered in construction of rickets-producing diets. Rickets due to 
low calcium is not the mirror image of rickets due to low phos- 
phorus, for when the proportion of phosphorus is too great, growth 
and bone growth are inhibited, and osteoporosis and not rickets 
results. High phosphorus-low calcium diets are associated with 
tetany and with lowered calcium and raised phosphorus in the 
serum. Between low calcium and low phosphorus diets lies a 
third group of ricketogenic diets, in which both calcium and phos- 
phorus are low though neither is in excess of the other, and are in a 
proportion which has heretofore been considered as normal or 
optimal. 


THE PASSAGE OF FED ELAIDIC ACID INTO TISSUE 
PHOSPHOLIPIDS 


By ROBERT GORDON SINCLAIR 


(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 


In order to test further the question of whether or not the phos- 
pholipids are intermediary products in the metabolism of the fatty 


27 Steenbock, H., and Black, A., J. Biol. Chem., 64, 263 (1925). 
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acids, elaidic and erucic acids were fed. Since both of these acids 
are unsaturated and yet form lead salts which have a very limited 
solubility in cold alcohol, it was to be expected that their entrance 
into the phospholipids would be evident in an increase in the iodine 
number of the solid acid fraction of the phospholipid fatty acids. 
The available material being limited, a microprocedure was de- 
veloped which permits the determination of the percentage and 
iodine number of the solid and liquid fractions on 20 to 30 mg. of 
fatty acids. 

It has been found that elaidic acid can readily be detected in the 
tissue phospholipids and can comprise a fairly high percentage of 
the total phospholipid fatty acids. There is reason to believe that 
erucic acid also enters into the phospholipid molecule, but the 
evidence is much less convincing. 

However, before this finding can be taken as evidence that the 
phospholipids are intermediary metabolites, engaged in the trans- 
port or combustion of the fatty acids, one outstanding premise 
must be fulfilled; vzz., the passage of elaidic acid into and out of 
the phospholipids must occur promptly on its addition to and 
removal from the diet. Experiments to test this premise are in 
progress. 


CHOLESTEROL ESTERASE IN BLOOD 


By WARREN M. SPERRY ann RUDOLF SCHOENHEIMER 


(From the Chemical Laboratory, Babies Hospital, and the Department of 
Biological Chemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


An enzymatic synthesis of cholesterol esters has been demon- 
strated in blood serum. Sera from normal human subjects were 
incubated at 38-40° in sealed tubes under sterile conditions. A 
marked decrease in free cholesterol with an equivalent increase 
in combined cholesterol was observed in every case. In twenty- 
three such experiments the average decrease in free cholesterol was 
57.2 per cent of the original amount. Whereas in normal indi- 
viduals the ratio of combined cholesterol to free cholesterol is 
always between 2.3 and 3.1 (equivalent to 70 to 75 per cent of 
combined cholesterol in total cholesterol), after incubation a mini- 
mum ratio of 4.0 and a maximum of 24.9 were found. A shift of 
fatty acids from other compounds to cholesterol seems to have 
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occurred. Synthesis of cholesterol esters in biological material 
in vitro does not appear to have been observed previously. 

When hemolyzed whole blood was incubated under the same 
conditions, only slight esterification occurred, while with hemo- 
lyzed blood cells there was no change at all. Apparently a factor 
which inhibits cholesterol ester synthesis is present in erythro- 
cytes. This may account for the fact that these cells contain 
practically no cholesterol esters. 


THE CARBAMATE-CARBON DIOXIDE EQUILIBRIUM OF AMINO 
ACIDS, HEMOGLOBIN, AND SERUM PROTEINS AND ITS SIG- 
NIFICANCE IN THE CARBON DIOXIDE TRANSPORT 
OF THE BLOOD 
By WILLIAM C. STADIE ann HELEN O’BRIEN 


(From the John Herr Musser Department of Research Medicine, University of 
Pennsylvania, Philadelphia) 


In the case of amino acids, the amphanion, COO—-R-NHb, and 
not the zwitter ion, COO--R-NHs3*, reacts with CO, to form 
carbamate 


COO- -R- NH, + CO, @ COO-: R-NH - COO- + H* (1) 
In the case of hemoglobin the analogous amphanion, Hb~ (7.e. 


BHb) and not the zwitter ion (uncharged protein) reacts to form 
hemoglobin carbamate. 


+ CO, HbAm™ + Ht (2) 


The resultant carbamates of amino acids or hemoglobin are dibasic 
salts at pH> about 7. 

The mass action equation for the equilibrium of amino acids 
and CO, is 


(Am™) (H*) 


(COO--R-NH,) (3) 
while for hemoglobin it is 
(HbAm™) (H+) 
(Hb-) = aco, co, (4) 


Two cases arise. 
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1. Carbamate equilibrium when H.CQO; formation is excluded. 
Carbamate formation is rapid, while H,CO; formation (particu- 
larly at low temperatures) is slow. Therefore by rapid equilibra- 
tion and analysis the equilibrium between CO, and amino acids or 
hemoglobin in the presence of varying quantites of base (pH ini- 
tially 7.4 to 11) can be established and measured in the virtual 
absence of or its ions HCO;~ and The total base 
(milli-equivalents per liter) is then respectively 


(Bt) = (COO-- + 2(Am™) (5) 


or 
(Bt) = (Hb-) + 2(HbAm7™) (6) 


Equations 3 and 5 or 4 and 6 may be combined to give an equi- 
librium equation showing the concentration of carbamate in terms 
of Poco, or pHt. The respective values of Kam, the mass action 
constant for the amino acid-carbamate-CO, equilibria, can be calcu- 
lated from data on various amino acids. 

2. Carbamate equilibrium when H.CQO; formation is included. 
If sufficient time is allowed, the equilibrium also includes H.CO; 
and its ions HCO;~ and CO;>. This equilibrium, which corre- 
sponds to the one in blood, gives quite different carbamate, pH, 
or Pgo, relations from case (1). The base now is 


(B+) = (COO-- R- + 2(Am™) + (HCO;-) + 2(CO;") (7) 
(B+) = (Hb-) + 2(HbAm™) + (HCO;) + 2(CO;7) (8) 


As before, Equations 3 and 7 or 4 and 8 may be combined to give 
the mass action equation for the amino acid-carbamate-carbonate- 


CO, equilibria. 

For amino acids, hemoglobin, and horse serum proteins the 
values of pk 4 are all of the same magnitude, 7.e. 5.3 to 6.3. 
THE PREPARATION AND SOME PROPERTIES OF LIVER FLAVIN 


By F. J. STARE* 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis) 


By the following steps we obtain from liver of pig, beef, or horse 
rather more flavin with less effort than by methods previously 


* National Research Council Fellow. 
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described. The principal modification is the introduction of pre- 
cipitation in alcoholic solution by Ba(OH):, used by West and 
Howe in purification of the pernicious anemia factor. The effi- 
ciency of this step for flavin suggested a study of the possible rela- 
tion of flavin to the pernicious anemia factor. Incubation of liver 
with pig stomach, said to increase the pernicious anemia factor, 
does not appreciably increase the flavin content. From results so 
far obtained with patients, liver flavin appears to have a very 
doubtful effect in pernicious anemia. 

The steps used in our flavin preparation are extraction of ground 
liver (preferably horse liver) with boiling water, adsorption of the 
acidified filtrate with fullers’ earth, elution by pyridine-alcohol- 
water (Salmon), precipitation of the eluate diluted with alcohol 
to 75 per cent by hot Ba(OH)., solution of the precipitate in H.SO,, 
precipitation at pH 6 to 7 by AgNO; (Kuhn), repeated extraction 
of Ag precipitate by hot 2 N acetic acid which dissolves most of the 
silver flavin, leaving the purines behind, removal of Ag by H,S, 
and evaporation zn vacuo. The residue is further purified. The 
flavins accompany purines during extraction and are separated 
completely from them with difficulty. Alcohol or acetone (70 
to 80 per cent) and acetic acid extraction of the silver precipitate 
are serviceable. 


FURTHER STUDIES ON MUSCULAR DYSTROPHIES, WITH 
REFERENCE TO INTOXICATION BY GUANIDINE AND 
SIMPLE GUANIDINE DERIVATIVES 


By M. X. SULLIVAN 


(From the Chemo-Medical Research Institute, Georgetown University, 
Washington) 


Free guanidine treated with 1 ,2-naphthoquinone-4-sodium sul- 
fonate and alkali gives a brown color on short heating or 15 minutes 
standing at room temperature. Then on addition of concentrated 
nitric acid, the guanidine solution becomes a good red, while all 
other compounds tested become light yellow with the exception of 
ammonia, indole, and to some degree methylamine. The urine 
in muscular dystrophies contains no free guanidine but does con- 
tain a simple guanidine derivative which on oxidation by HgO or 
AgO gives free guanidine identified by the character of the picrate, 
the melting point, and the highly specific color reaction which is 
not given by complex guanidines. Under these conditions there 
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are no known interferers. From normal urine and from the urine 


in myasthenia gravis and from several cancer urines, methyl- 
guanidine was obtained. This does not give the characteristic 
picrate and does not give the guanidine color reaction. Under 
the treatment no guanidine could be obtained from creatine, 
creatinine, arginine, or any compound tested except glycocyamine. 
Feeding glycocoll over a relatively long period did not free the 
urine from simple guanidines. In one patient with progressive 
muscular dystrophy given glycortal pills simple guanidines disap- 
peared from the urine and some improvement resulted in general 
condition. 


COMPARATIVE STUDY OF THE WOOL OF LAMBS ON ADEQUATE 
AND INADEQUATE RATIONS 


By M. X. SULLIVAN, W. C. HESS, J. 1. HARDY, ann PAUL E. HOWE 


(From the Chemo-Medical Research Institute, Georgetown University, and 
the Bureau of Animal Industry, United States Department of 
Agriculture, Washington) 


Cystine and total sulfur were determined on wool from lambs 
that received for 208 days (a) an adequate ration and (6) the same 
ration, but in amounts that did not permit of increase in the weight 
of the animals. More wool was obtained from the animals on the 
adequate ration. The whole fibers in both cases indicated approxi- 
mately the same relative cystine content when analyzed by several 
cystine methods (Sullivan, Okuda, Folin-Marenzi, and by consider- 
ing total sulfur as cystine). However, when the wool was divided 
into outer, middle, and body thirds, differences were found be- 
tween the respective thirds. All methods show that the cystine 
content of the body third on the adequate diet is considerably and 
consistently higher than that of the body third on the inadequate 
ration. The ratios found for the body third for inadequate and 
adequate rations by the different methods are: Sullivan 100: 110.5, 
Okuda 100:112.9, Folin-Marenzi 100:115.4, total sulfur 100:111.9. 

Cross-sections of the wool fibers showed that the diameters of 
the wool of the underfed lambs were less than those of the full fed 
lambs, but there was no difference in the structure nor evidence of 
increased medullary space when the fibers were examined either in 
cross-section or longitudinally by polarized light. It appears, 
therefore, that the lowered cystine content is the result of the 


Society of Biological Chemists x¢cl 


change of the protein of the cortex and not of an increased med- 
ullary space. 


THE MEASUREMENT OF SERUM VOLUME 
By F. WILLIAM SUNDERMAN 


(From the John Herr Musser Department of Research Medicine, University of 
Pennsylvania, Philadelphia) 


In the determination of the serum volume by the intravenous 
injection of vital red, there is evidence to suggest that complete 
mixing of the dye in the circulating serum does not occur for 20 to 
30 minutes after the injection. If samples of serum are obtained 
under basal conditions at intervals of 30, 60, and 90 minutes after 
the introduction of the dye, a linear relationship is obtained which 
permits extrapolation to the moment of injection and the estima- 
tion of the concentration of dye that would have been obtained 
were complete mixing instantaneous. The quantity of dye in- 
jected is measured with precision by means of an especially con- 
structed burette. The colorimetric readings are made on undi- 
luted serum in a colorimeter having two chambers on each side 
and fitted with a green monochromatic filter. A simplified pro- 
cedure requiring only two samples of blood is proposed for clinical 
studies. 


BLOOD SUGAR AND RESPIRATORY EXCHANGE DURING HIGH 
CARBOHYDRATE INGESTION 


By JOHN H. TALBOTT 


(From the Massachusetts General Hospital, Boston) 


Three male subjects undernourished but otherwise normal were 
studied over a period of 5 to 7 weeks, on a diet containing more 
than 600 gm. of carbohydrate daily, together with adequate 
amounts of protein, fat, and minerals. The fasting blood sugar 
concentration and the fasting respiratory exchange were deter- 
mined semiweekly, the latter for a continuous 50 minute period. 
The gain in weight of the three subjects was 8.0, 6.8, and 12.4 kilos, 
respectively. 

The first two subjeets were given dextrose, and never showed 
any sugar in the urine. The third subject was given sucrose and 
showed a trace of urinary sugar on five occasions during the last 
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2 weeks of his study. At the beginning the respiratory quotient 
was below 0.85 in all subjects. It rose above 1.0 in the first days 
of the study, but to a different level in each subject. In the 
subjects given dextrose it reached a maximum of 1.05 and 1.04, 
respectively, in the Ist week and maintained this level for more 
than 2 weeks. This slowly fell to 0.96 and remained during the 
high dextrose ingestion. In the subject given sucrose it rose to 
1.22 the Ist week and gradually fell to 0.90. : 
The blood sugar concentration was above 100 mg. per 100 ce. 
after the Ist week on the sucrose diet, but never exceeded 90 mg. 
on the dextrose diet; a return to low carbohydrate intake was 
followed by a diminished blood sugar concentration below 80 mg. 
A high carbohydrate diet may thus be given to non-diabetic indi- 
viduals without producing untoward symptoms at any time. 


THE EFFECT OF COMPLETE AND PARTIAL RENAL INSUFFICIENCY 
ON THE ACTION OF PARATHYROID HORMONE IN THE DOG 


By WILBUR R. TWEEDY, R. D. TEMPLETON, anv F. A. McJUNKIN 


(From the Departments of Physiological Chemistry, Physiology, and 
Pathology, Loyola University School of Medicine, Chicago) 


The effects of parathyroid hormone, insulin, and adrenalin have 
been studied in a group of twenty-eight dogs in which complete or 
partial renal insufficiency had been produced surgically. 

The action of single doses, or of massive multiple doses, of para- 
thyroid hormone alone were followed in twelve dogs in the absence 
of kidney function by frequent determination of serum calcium 
and serum inorganic phosphate, and by histological examination 
of susceptible tissues. Two of these animals were made hyper- 
calcemic by parathyroid hormone before bilateral nephrectomy, 
and afterward a simultaneous hypercalcemia and hyperphospha- 
temia persisted for more than 30 hours without apparent injury 
to heart or stomach tissues. 


In four other dogs, bilaterally nephrectomized, calcium gluco- 


nate was injected, intramuscularly, and in two of them, parathy- 
roid hormone was injected subcutaneously. In none of the experi- 
ments in which parathyroid hormone was administered after the 
suppression of kidney function was convincing evidence obtained 
that the hormone had mobilized calcium from the tissues. 
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Unilateral nephrectomy and partial impairment of the remain- 
ing kidney did not prevent hormone action. 

Insulin and adrenalin, when administered to bilaterally nephrec- 
tomized dogs, were found to act in characteristic manner on the 
blood sugar, but the inorganic phosphate was irregularly affected, 
and the serum calcium was usually decreased. 


SPECTROGRAPHIC STUDY OF THE CYTOCHROMES IN YEAST 
CELLS RESPIRING AT DIFFERENT TEMPERATURES 


By FRANK URBAN 


(From the Laboratory of Biological Chemistry, Washington University 
School of Medicine, St. Louis) 


At 6°, 26°, and 34° previously washed and aerated bakers’ yeast 
showed only the a band of reduced cytochrome B at 565 my and 
a faint band between 535 and 545 muy, a continuous stream.of fine 
bubbles of O2 passing through the suspension. Addition of glucose 
to this suspension did not change the spectrum at 6°. However, 
at 26° the a bands of reduced cytochromes B and C were present 
and, in addition, a narrow band at 537 mu. At 34° the spectro- 
gram showed the a bands of reduced cytochromes A, B, and C 
in addition to faint bands at 537 and 523 mu. The latter must be 
the 8 bands of reduced cytochromes B and A, while the broad 
band between 535 and 545 mu represents the band of oxidized cyto- 
chrome C fused with the 8 band of reduced cytochrome B. Addi- 
tion of KCN appears to shift the latter band several mu towards 
the short wave region. The O, consumption of washed and aer- 
ated yeast was measured between 6-34°. A single straight line 
was obtained when the logarithm of O, consumption was plotted 
against 1/7. Stier found three lines of different slopes by plotting 
the logarithm of O, consumption of yeast plus glucose against 1/7. 
The results can be accounted for by assuming that in the presence 
of glucose the rate of respiration is controlled at the three tem- 
peratures by the rate of reduction of cytochrome C, cytochrome A, _ 
and Atmungsferment, respectively. 3 
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THE ROLE OF THE ACETYL DERIVATIVE AS AN INTERMEDIARY 
STAGE IN THE BIOLOGICAL SYNTHESIS OF AMINO 
ACIDS FROM KETO ACIDS 


By VINCENT pv VIGNEAUD anp OLIVER J. IRISH 


(From the Department of Biochemistry, School of Medicine, 
George Washington University, Washington) 


Some years ago Knoop proposed the theory that the body syn- 
thesized amino acids from the corresponding keto acids by way of 
the acetyl amino acid. According to his theory the acety] deriva- 
tive of the amino acid might be formed by a condensation between 
the keto acid, ammonia, and pyruvic acid analogous to the zn vitro 
synthesis of acetylalanine described by de Jong. Unfortunately 
KXnoop abandoned the theory because of certain observations that 
were made in extending the studies on phenylaminobutyric acid 
to phenylalanine. However, we propose to show that the ad- 
verse conclusion was based on a misconception with regard to the 
spatial configuration of the acetylphenylalanine excreted after the 
feeding of acetyl-dl-phenylalanine, and that actually the data 
were in support of the theory. The purpose of the present paper 
is therefore an attempt to reestablish Knoop’s theory. 

Furthermore, it occurred to us that if the above theory of 
KXnoop’s were correct, the feeding of /-phenylaminobutyric acid 
should be followed by the excretion in the urine of the acetyl 
derivative of d-phenylaminobutyric acid. It was expected that 
the l-phenylaminobutyric acid would be deaminized by oxidation 
to the keto acid and then the acetyl derivative of the dextro isomer 
should be asymmetrically synthesized. This would serve as a 
crucial test of the above theory and, furthermore, offer a means 
of demonstrating the biological conversion of one isomer into the 
other. After feeding pure l-phenylaminobutyric acid, we were 
able to isolate from the urine the acetyl derivative of d-phenyl- 
aminobutyric acid. 
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MINERAL METABOLISM OF TWENTY-THREE ADOLESCENT GIRLS, 
FIVE NEPHROTIC CHILDREN, AND TWO BOYS WITH PRO- 
GRESSIVE PSEUDOHYPERTROPHIC MUSCULAR DYSTROPHY 


By CHI CHE WANG, MILDRED KAUCHER, ann MARY WING 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


This report concerns the metabolism of calcium, phosphorus, 
sodium, potassium, and magnesium. 

Adolescent Girls—These results are correlated with weight, 
height, intake, gain in weight, and degree of underweight. 

The average intakes in mg. per kilo of body weight per 24 hours 
are calcium 42, phosphorus 43, sodium 63, magnesium 8, and potas- 
sium 83. The corresponding values of urinary output are 3.4, 26, 
59, 3.3, and 82. Those of fecal output are 27, 14, 0, 4.1, and 6. 
The values for retention are 11, 5, 3, 0.4, and —5. 

Nephrotic Children—With the exception of sodium, the intake 
per kilo of all the minerals ran from 30 to 60 per cent higher in 
nephrotic children than in the girls. Their fecal mineral output 
ran markedly higher than that of adolescent girls. Urinary cal- 
cium was unusually low, 0.7 mg. per kilo, and fecal sodium high, 
153 mg. per 24 hours. The retention of minerals in nephrosis 
differs little from that in normal children; calcium is slightly 
lower and magnesium higher. 

Progressive Pseudohypertrophic Muscular Dystrophy—The in- 
takes corresponded to those for the nephrotic group. With the 
exception of sodium, the mineral metabolism of the two boys 
varied little. Urinary calcium was higher, 8.1 mg. per kilo, and 
the retention of both calcium and phosphorus lower than that of 
either the adolescent girls or the nephrotic children, calcium being 
4 mg. and phosphorus 1 mg. 


THE EFFECT OF ADMINISTRATION OF PREPARATIONS OF 
GROWTH HORMONE OF THE ANTERIOR LOBE OF THE 
PITUITARY UPON GESTATION AND THE WEIGHT OF 
THE NEW-BORN (ALBINO RATS) 


Bry RUTH M. WATTS 
(From the Depariment of Obstetrics and Gynecology of the University of 
Chicago, Chicago) 


The study of the interrelationship of the pituitary and preg- 
nancy has led to investigations of the effect of the growth hormone 
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of the anterior lobe upon gestation and the development of the 
young. The present study, supplementing the work of Teel with 
crude extract, was undertaken at the suggestion of Dr. Fred L. 
Adair. 

Growth hormone preparations made and assayed according to 
the method of van Dyke and Wallen-Lawrence were administered 
subcutaneously daily for varying periods to pregnant rats with 
histories of normal reproduction and litters. The administration 
of some preparations resulted in prolonged gestation, protracted 
parturition, and still-born young, as reported by Teel, Hain, and 
Sontag and Munson; the use of other preparations permitted 
normal parturition at term. 

Increases in maternal weight and in the weight of the new-born 
of the latter group have been given statistical consideration. Sig- 
nificant increases in the maternal gain during gestation and in the 
“permanent” gain were observed. The mean weight of the young 
showed an increase of 10.9 per cent over that of the control group. 
Comparison of these means by the t-test method (Fisher) gives a 
probability of <0.000 that these values could have resulted from 
random sampling. 

The compiled statistics of control groups showed (1) that both 
the maternal weight changes and the weight of the new-born may 
vary with the number of the pregnancy, and (2) that the mean 
weight of the new-born per litter is a more characteristic value 
than the litter weight. 


THE PRESENCE OF GLYCOCYAMINE IN URINE 


By C. J. WEBER 


(From the Department of Internal Medicine, University of Kansas School of 
Medicine, Kansas City) 


The isolation of glycocyamine (guanidoacetic acid) from the 
urine of two cases of pseudohypertrophic muscular dystrophy has 
been described.” A continuation of this problem has resulted in 
the isolation of this compound from normal human urine and also 
from the urine of two dogs which was collected during a period of 
fasting. My results indicate that glycocyamine is a regular con- 
stituent of normal urine and that its presence is not a result of its 
ingestion preformed in the diet. 


28 Weber, C. J., Proc. Soc. Exp. Biol. and Med., 32, 172 (1934). 
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A method for the colorimetric determination of glycocyamine in 
urine has been developed which is based on the adsorption of this 
compound with Lloyd’s reagent and its subsequent elution. The 
color is developed in the final filtrate from Lloyd’s reagent by the 
application of a modified Sakaguchi reaction. This method in- 
dicates that 20 to 40 mg. of glycocyamine are excreted daily by a 
normal adult. In one case of pseudohypertrophic muscular dys- 
trophy, an increase of 75 per cent in the glycocyamine excretion was 
indicated by this method following the administration of glycine. 

Glycocyamine formation in the body probably represents a 
phase in the intermediary metabolism of which creatine is the end- 
product. The excretion of glycocyamine in the urine would there- 
fore represent an overflow phenomenon of an intermediate metabolic 
product produced slightly in excess of the needs of the body. 


PRECIPITATING AGENTS FOR USE IN THE ESTIMATION OF 
SUGARS IN BIOLOGICAL MATERIALS 


By EDWARD 8S. WEST, RUTH A. LANE, ann GEORGE H. CURTIS 


(From the Biochemical Laboratories, Washington University School of 
Medicine, St. Louis, and the University of Oregon 
Medical School, Portland) 


The efficiencies of a number of precipitation procedures designed 
to yield filtrates satisfactory for sugar analysis and containing 
little or no added electrolytes have been investigated. The work 
is a continuation of the study begun by the senior author a number 
of years ago. 

The precipitating agents compared were: (1) a saturated solu- 
tion of HgSO, in 10 per cent H.SO, (West, Scharles, and Peterson) ; 
(2) a saturated solution of HgSQO, in a 21 per cent Fe2(SO,); solu- 
tion in 1 N H.SO, (about 25 per cent HgSO,); (3) a 21 per cent 
solution of Fe.(SO,)3; (4) Reagent 2 plus Lloyd’s reagent; (5) 
Reagent 3 plus Lloyd’s reagent. 

Each precipitating solution was added to the fluid (urine, hydro- 
lyzed tissue, mixtures of urea, creatinine, creatine, etc.) and then 
neutralized with BaCO;. When used, the Lloyd’s reagent was 
added before the BaCQOs;, the mixture shaken, allowed to stand a 
few minutes, and then neutralized with BaCO;. Mercury was 
removed with 

Reagents 2 and 4 were found most efficient in removing urea, 
creatine, and creatinine, the latter reagent being slightly better for 
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the removal of creatinine. Both reagents are far superior to 
Reagent 1. 

Reagent 4 was slightly more efficient in removing non-fer- 
mentable reducing substances from urine and hydrolyzed muscle 
and liver than Reagent 2. They were both decidedly better 
than Reagent 1. | 

Reagent 1 was only slightly superior to Reagent 5 in removing 
non-fermentable reducing substances from urine and hydrolyzed 
tissues. 


RELATION OF VITAMIN B (B,) TO FAT METABOLISM 
I. THE ROLE OF FAT IN THE REFECTION PHENOMENON 


By DOROTHY V. WHIPPLE anp CHARLES F. CHURCH 


(From the Department of Pediatrics, School of Medicine, University of 
Pennsylvania, Philadelphia) 


The feces of rats on a vitamin B (B,)-deficient diet, containing 
10 per cent lard with sucrose as the only source of carbohydrate, 
contained the thermolabile factor which alleviated the symptoms 
of beriberi. When the diet was made fat-free, this anti-beriberi 
factor was not present in the feces. When the sugar in the fat-free 
diet was replaced by corn-starch, a small amount of this fecal 
factor was present. Corn-starch contains a small amount of fat 
within the starch globule, which is not removed by extraction with 
fat solvents, but which becomes available to the animal during 
digestion when the globule is ruptured. 

The symptoms of vitamin B (B,)-deficiency were produced more 
quickly on fat-free diets than on diets containing fat. The larger 
the amount of fat the longer was the time interval before symptoms 
became manifest, as has been demonstrated previously. Fat 
alleviated the symptoms of beriberi in rats permitted to develop 
the disease on a fat-free diet, although they eventually succumbed 
to the avitaminosis. 

The amount of anti-beriberi factor eliminated in the feces of 
vitamin B-deficient rats is directly correlated with the amount of 
lard in the diet. This factor is not fat itself, since the ether- 
extracted dried feces were more potent in alleviating the symptoms 
of beriberi than was the ether extract. 

From these experiments it is concluded that fat is essential for 
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the production of the anti-beriberi factor in the gastrointestinal 
tract of the vitamin B-deficient rat. 


THE CHEMISTRY OF HUMAN EPIDERMIS 


II. THE ISOELECTRIC POINT OF THE STRATUM CORNEUM AND 
OTHER HUMAN KERATINS AS DETERMINED BY 
ELECTROPHORESIS 


By VERNON A. WILKERSON 


(From the Department of Physiological Chemistry, Howard University 
Medical School, Washington) 


The finely divided stratum corneum from normal human epi- 
dermis and from patients having dermatitis exfoliativa was sus- 
pended in buffer solutions of known pH and the electrophoretic 
velocities determined. The curves of mobility (in uw per second 
per volt per cm.) plotted against pH were constant for all the sam- 
ples examined regardless of the source. The value assigned to the 
isoelectric point was pH 3.8. 

The isoelectric points of human hair and finger nails, both of 
which are specialized and highly keratinized appendages of the 
epidermis, compared quite favorably with that of the stratum 
corneum. This group of keratins has been shown to contain his- 
tidine, lysine, and arginine in the same molecular ratios, while the 
relative amounts of other amino acids present are variable. It is 
suggested that the charges on the particle surfaces of these embryo- 
logically related keratins and consequently their isoelectric points 
are determined by the basic amino acid “‘anlage’’ characteristic 
of the group, and only slightly or not at all affected by differences 
in other amino acids. 


THE ACTION OF MALE AND FEMALE HORMONES UPON THE 
REPRODUCTIVE GLANDS AND DUCTS OF THE 
CHICK EMBRYO 


By B. H. WILLIER, T. F. GALLAGHER, anv F. C. KOCH 


(From the Department of Zoology, The University of Rochester, Rochester, 
New York, and the Department of Physiological Chemistry and 
Pharmacology, the University of Chicago, Chicago) 


A single injection of 0.1 cc. of sex hormone solution (aqueous or 
ethylene glycol) of varying potency was made into the albumin of 
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eggs of 24 hours incubation and development continued until the 
19th day (cf. Kozelka and Gallagher, 1934). The eggs used came 
from brown Leghorns and from a sex-linked cross. Over 350 
embryos have been examined. 

Theelin and theelol (0.05 to 2.0 mg. per egg) do not affect the 
size, form, or histology of the left and right ovaries of genetic 
females or the right testes of genetic males. The left testis, how- 
ever, becomes changed in form to a flattened ovary-like structure 
consisting of both cortical and testicular tissues (ovotestis). In 
extreme cases (2.0 mg.) the testicular cords have been replaced 
largely by medullary cords. The difference in response of the two 
testes is attributed to the presence of a germinal epithelium (incipi- 
ent cortex) on the left testis only during early development. In 
both sexes the Wolffian ducts appear unaffected. The oviducts 
persist in the males; with larger dosages they become enormously 
swollen in both sexes. 

Male hormone from bull testis extracts (10 to 200 bird units) 
produced no observable effect on the gonads, or oviducts of either 
sex; Wolffian ducts may be modified. The same concentrations 
of male hormone from human urine extracts produced no changes 
in the female gonads but caused the formation of cortex on the 
left male gonad and a flattened form, whether or not female 
hormone is present. The Wolffian ducts in both sexes are con- 
sistently and tremendously swollen. The oviducts of the females 
seem inhibited; 7.e., rudimentary or absent altogether. 


CHEMICAL INVESTIGATIONS ON THE CORTICAL HORMONE OF 
THE ADRENAL GLAND 


By OSKAR WINTERSTEINER anp J. J. PFIFFNER 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


Concentrates assaying 100 to 200 dog units per mg. have been 
prepared from large quantities of permutit-purified material by 
distribution procedures previously described. Further fractiona- 
tion has demonstrated that neither the factor yielding precipitates 
with a-naphthol nor the factor which reduces silver solution at 
pH 8 is concerned with the activity. Potent products have been 
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prepared by precipitation with phenylhydrazine in the cold and 
regeneration with benzaldehyde. These precipitates, however, are 
not homogeneous. 

Several crystalline compounds have been obtained from frac- 
tions assaying 100 to 200 dog units per mg.; first, hexagonal crys- 
tals melting at 213.5° of the probable composition C2oH3,Os, assay- 
ing less than 25 dog units per mg.; second, needles melting at 
208-211°, having the composition (C,H.O)., assaying less than 25 
dog units per mg.; third, a nitrogenous compound crystallizing 
in plates, melting around 158°, and assaying less than 30 dog units 
permg. The potency of these compounds may be zero. Another 
compound melting around 127° is present but has not yet been 
obtained in pure form. 

The most potent fractions, assaying about 400 dog units per 
mg., have recently yielded crystals which are probably not identi- 
cal with any of the above compounds; these have not yet been 
critically investigated. 


THE SPECTROPHOTOMETRIC DETERMINATION OF CAROTENE 
IN BUTTER FAT 


By H. G. WISEMAN anp C. A. CARY 


(From the Research Laboratories, Bureau of Dairy Industry, United States 
Department of Agriculture, Beltsville, Maryland) 


In the determination of carotene in butter fat, Barnett showed 
that the relation between the concentration of carotene solutions 
in butter fat and their spectrophotometric absorption is not in 
accordance with Beer’s law. Baumann and Steenbock obtained 
contrary results and calculated carotene concentrations accord- 
ingly. Using butter fat that was naturally almost colorless, we 
have prepared carotene solutions containing 0.52 to 20.5 micro- 
grams of carotene per gm. of fat, and have determined their trans- 
mittaney spectrophotometrically at wave-length 436 mu. The 
carotene was material distributed by the League of Nations Health 
Organization. Before use, its solution in ligroin was repeatedly 
treated with a saturated solution of KOH in absolute CH;0H and 
washed with 92 per cent CH;0H, to remove pigmented oxidation 
decomposition products. It was probably almost exclusively 
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B-carotene. The average extinction coefficient, E,°{%, for all | 
the solutions was 0.148; for those varying from 0.52 to 6.36, it 7 
was 0.148; and for the samples from 7.55 to 20.5 it was 0.147. A | 
freshly treated solution of carotene was used with each of four 
samples of butter fat. The average E,%/" for the solutions pre- | 
pared from Butter Fat 1 (carotene 1.26 to 11.33) was 0.152; 7 
Butter Fat 2 (carotene 1.59 to 9.54), 0.150; Butter Fat 3 (carotene 7 
0.52 to 2.89), 0.145; Butter Fat 4 (carotene 12.2 to 20.5), 0.144. | 
Some of the solutions in Butter Fats 3 and 4 were outside the | 
range for most accurate reading. Within this range the data are | 
in general in accordance with Beer’s law; and the carotene in * 
butter fat may thus be read directly spectrophotometrically and 4 
calculated accordingly. | | 
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CORRECTIONS 


On page 630, Vol. 109, No. 2, May, 1935, line 4 from foot of text, read 
chlorothymidine for chlorouridine. 


On page 675, Vol. 109, No. 2, May, 1935, line 13, last figure, read 5.0 for 
50.0. 


THE HISTOCHEMISTRY OF THE ADRENAL GLAND 
I. THE QUANTITATIVE DISTRIBUTION OF VITAMIN C 


By DAVID GLICK anp GERSON R. BISKIND 


(From the Pathological and Research Laboratories of the Mount Zion Hospital, 
San Francisco) 


(Received for publication, March 9, 1935) 


Because the adrenal glands contain a higher concentration of 
vitamin C than most other parts of the body (1, 2), they have been 
a focus of attention for those interested in the metabolism of the 
vitamin, and the pathological conditions resulting from its de- 
ficiency. At the present time, a number of attempts to establish 
the histological distribution of the vitamin in the adrenals have 
been made. Thus, Giroud and Leblond (3), Westergaard (4), 
Siehrs and Miller (5), and Bessey, Menten, and King (6), sepa- 
rately employed the silver nitrate staining reaction to indicate the 
distribution of vitamin C in the adrenal glands. However, as 
pointed out by Harris and Ray (7), and Gough and Zilva (8), this 
staining reaction is unreliable in some instances. 

Since the introduction of a direct chemical method for quan- 
titative estimation of the vitamin C in microtome sections of 
_ tissue (9), it is possible to determine the distribution of this sub- 

stance with much greater accuracy than the silver staining reaction 
permits. Accordingly, this method has been employed in the 
present investigation, so that tle number and type of the cells in 
the adrenal gland can be correlated with the presence of the 
Vitamin. 

EXPERIMENTAL 


Beef adrenals were employed for the present investigation, since 

the normal glands could be obtained in a fresh state, and they are 
| large enough to be handled conveniently. Furthermore, the beef 
' adrenal has essentially the same histological character as the 
1 
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2 Histochemistry of Adrenal Gland. I 


human gland. The adrenals were removed from freshly killed 
animals, transported at once to the laboratory in a box with a 
separate ice compartment, stripped of all fat, and stored in closed 
Petri dishes at —5°. The glands were used within 1 to 2 days, 
though preliminary experiments showed that there was no appre- 
ciable loss of the vitamin after 4 days. 

The procedure followed in the sampling and sectioning of the 
tissue was patterned after the method described by Holter and 
Linderstrgm-Lang (10), and the histological studies were made 
in a manner similar to that employed by Linderstrgm-Lang, Holter, 
and Sgeberg-Ohlsen (11). The titration of the vitamin was carried 
out with 2 ,6-dichlorophenol indophenol as previously described (9). 
A sharp cork borer, having an internal diameter of 4.5 mm., was 
used to remove a cylinder of tissue through the smallest axis of 
the frozen adrenal. This cylinder was placed at once on the 
freezing microtome (rotary type), and sections 30 yu thick were 
removed, placed in tubes containing 50 c.mm. of 9 per cent acetic 
acid, and the tubes were immersed in a salt-ice mixture until ready 
for titration as described by Glick (9). The titrations were carried 
out in two series. In the first series every other tube was titrated, 
and in the second, the remaining tubes. The tubes of the second 
series were titrated approximately 1 hour after those of the first. 
In this manner it was shown that this tissue, as already demon- 
strated for rabbit liver (9), is completely extracted of all its vitamin 
almost at once, and there is no loss due to standing in the freezing 
mixture, since adjacent slices, titrated 1 hour apart, fit on the same 
curve (Fig. 1). 

Before the histological studies were undertaken, a section of tissue 
was fixed in Orth’s fluid and paraffin sections were stained with 
hematoxylin to identify the medullary cells by the chromaffin 
reaction. Once these cells were identified, they were easily recog- 
nized in all other tissue preparations. 

Immediately after the vitamin titration, the tubes were filled 
with 95 per cent alcohol, and in a few minutes the sections were 
placed in 10 per cent formalin, stained with hematoxylin and 
eosin, and mounted. This procedure, in which first alcohol and 
then formalin is employed, was found to be the best of a number 
of combinations tried, since it enabled a flattening out of the 
sections so that they might be more easily handled. Of course, 
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Fig. 1. Curve A. The points marked © were obtained by titration conducted after the 
tissue remained in acetic acid solution approximately 1 hour longer than for the titration 
indicated by the points marked +. 1c.mm. of dye = 0.150 microgram (7) of vitamin C. 
Owing to the fact that the microtome used was calibrated wrongly, the ordinates for 
Curve B should be multiplied by 2.26; the ordinates for Curve C should be divided by 2.26. 
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4 Histochemistry of Adrenal Gland. I 


these sections are not as good for histological study as the paraffin 
sections, but they do enable a distinction of the type of cell present. 
In this way the correlation between the titrations and the his- 
tological picture could be determined. 

As a check on the preceding method of correlating the chemistry 
and histology, the following procedure was employed. The block 
of tissue surrounding the removed core, that was used for vitamin 
C analysis, was fixed in 10 per cent formalin, dehydrated in graded 
alcohols, and imbedded in paraffin in the customary manner. 
Serial sections 8 uw thick were taken, and every seventh section 
was mounted and stained with hematoxylin and eosin. 

A comparison was made of the number of cells in the various 
zones of the cortex and in the chromaffin region of the medulla, 
in order to estimate the relative amount of vitamin C contained 
in the different types of cells. Furthermore, each of these zones 
was composed of practically one type of cell. The areas in which 
cells were counted were free of nerves, large blood vessels, and 
thick bundles of connective tissue. 

For cell counting, a slice of the adrenal, representing a cross- 
section of the gland, was fixed, imbedded, sectioned 4 u thick, and 
stained with iron hematoxylin (Masson’s technique). It was 
found impractical to make cell counts on the 8 yu sections, since 
the simpler staining technique employed for them did not bring 
out the nuclei with sufficient clarity. 

The cell counts were carried out with a 15 X ocular and an 
HI 90, 1.30 oil immersion objective (Zeiss) on a binocular micro- 
scope. The area of the field under observation was found to be 
0.012 sq.mm., calculated from the diameter measured with a 
micrometer slide. Every parenchymal nucleus in the field was 
counted. 


Results 


The results of the titrations were represented graphically by 
plotting the vitamin C content of each slice against its distance 
from the upper surface of the gland. The curve so constructed 
shows the variations of the vitamin content of the cells through the 
various layers of the adrenal. One curve, of the five obtained, is 
included (Curve A, Fig. 1) as representative of the typical vitamin 
C distribution. 
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To facilitate comparison of the chemical findings with the 
histology, a sketch of the cross-section of the adrenal, expanded 
to the same scale as the curve, has been included. This sketch 
is based on the histological picture obtained by examination of the 
serial sections actually used for titration and checked by com- 
parison with the paraffin sections, after due allowance had been 
made for the shrinking of the tissue block while being fixed and 
imbedded. To get the distance from the surface of the gland of 
any paraffin section, it was found necessary to multiply the dis- 
tance of the section from the surface by the factor 1.28. This 
factor has been obtained by dividing the length of the hole in the 
tissue before fixation by the length after imbedding. 


TaBLeE I 
Cell Counts in Various Portions of the Adrenal Gland 


The readings represent the number of cells per 72 X 107-3 md of stained 
tissue, equivalent to 0.15 mA of fresh tissue. 


Zona fasciculata 
Mixed fascicular 
PR Central portion region 
96 115 77 112 87 
80 107 86 109 79 
88 106 87 83 72 
89 126 96 81 115 
97 124 101 97 82 
88 114 79 118 79 
Average... .90 115 87 100 85 


The average of the counts for six different areas in each region 
(Table I) was used to calculate a point in Curve B, Fig. 1. The 
volume of the group of cells included in each count was 0.012 
sq.mm. X 0.006 mm. = 72 X 10-* c.mm. or 72 X 107% mx. 
Since the tissue shrank, the original volume was 72 K 1073 X 
(1.28)3 = 0.15 m\. Hence in the glomerulosa there are 90/0.15 = 
600 (cells/m\). In the fasciculata nearest the glomerulosa 
115/0.15 = 766 (cells/mX). In the central portion of the fasci- 
culata 87/0.15 = 580 (cells/m\). In the mixed fascicular and 
reticular region 100/0.15 = 666 (cells/mX). And in the medulla 
85/0.15 = 566 (cells/md). 
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The volume of the sections used in the vitamin C determination 
was 0.030 mm. X (7/4 (4.5)?) sq.mm. = 477 mi. 

From the foregoing data the number of cells per 30 u slice was 
calculated and represented graphically in Curve B, Fig. 1. 

The ratio of the micrograms of vitamin per slice, to the number 
of cells per slice, gives the micrograms per cell, which were repre- 
sented in Curve C, Fig. 1. 


DISCUSSION 


The cross-section of the adrenal gland demonstrated in Fig. 1 
shows that the central medullary portion is flanked on each side 
by the cortex. The gland is encapsulated by a thin layer of fibrous 
tissue (C) which extends somewhat into the adjacent glomerular 
zone (G) of the cortex. The glomerular region gives way rather 
abruptly to the zona fasciculata. The outer portion of the fascic- 
ulata (F1) is composed of densely packed cells surrounding small 
sinusoids. These sinusoids become larger, and the cells less 
numerous in the region F2. The fasciculata is gradually dis- 
placed by the reticularis (2), where the cells again become rather 
compactly arranged. ‘The border between the reticularis and the 
medulla (M) is sharp but irregular. The medulla is composed of 
chromaffin cells (K) among which are foci of sympathetic nerve 
cells (S). In this region there are nerves (N) and large vascular 
spaces (V). 

It will be seen in Fig. 1 that the highest peak in the curve cor- 
responds to the fascicular region (F,). The sharp drop in F; 
can be explained by the change in the number, not the type, of cells 
in this region (Curve B, Fig. 1). 

A practical difficulty was encountered with some of the frozen 
section slices, especially in the medulla, since the occurrence of 
large sinusoids and vessels, which could be seen macroscopically 
at times, displaced normal adrenal tissue. The chief deviations 
of points from the curve could be explained on this basis. 

The right half of Curve A is lower than the corresponding left 
half, probably because the right end of the cylinder of adrenal 
tissue was set in a drop of water on the microtome block and 
immediately frozen to make a firm attachment. This procedure 
no doubt caused some extraction of the vitamin and resulted in the 
decrease in concentration. 

As shown by Curve A, Fig. 1, the concentration of vitamin C in 
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the most active fasciculata is about 14 times as great as that in 
the medulla. This corresponds with the results of Harris and 
Ray (7). These workers, however, made their determinations on 
a macro scale, on the entire cortex or medulla of the adrenal of the 
ox. They report 1.1 to 1.2 mg. of the vitamin per gm. of medulla 
while our results, converted to the same units, show 1.2 to 1.3 
mg. per gm. 

From a comparison of Curves A and B, Fig. 1, it will be seen 
that the most active fascicular zone corresponds to the greatest 
concentration of cells, while the least active medulla contains 
the smallest concentration of cells. However, the smaller fascic- 
ular cell still contains more vitamin than the medullary cell 
(Curve C, Fig. 1). 


SUMMARY 


A histochemical study was made of the quantitative distribution 
of vitamin C in the beef adrenal by means of a technique 
enabling chemical determination of the vitamin in microtome 
sections of tissue. 

The concentration of vitamin C in the various zones of the gland, 
the relative number of the different cells in these zones, and the 
vitamin content per cell were estimated. 


The authors wish to express their sincere appreciation to Dr. 
G. Y. Rusk for his kind interest and many helpful suggestions 
throughout the course of the work. 
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THE COMBINATION OF CERTAIN FATTY ACIDS WITH 
LYSINE, ARGININE, AND SALMINE* 


By THOMAS H. JUKESf ano CARL L. A. SCHMIDT 


(From the Division of Biochemistry, University of California Medical 
School, Berkeley) 


(Received for publication, March 25, 1935) 


The present work deals with the combinations which take place 
between certain fatty acids and arginine, lysine, and salmine. 
These compounds differ from those lipoproteins which have been 
synthesized by means of the Schotten-Baumann reaction (1). 
Under suitable conditions, fatty acids will combine with any base 
which is sufficiently strong to impart a low value to the hydrolysis 
constant of the resultant soap. The low solubility of the higher 
fatty acids in water makes it difficult to study the formation of such 
soaps by titrimetric methods. Ethanol-water mixtures may, how- 
ever, be used for solvent purposes. The dissociation constants 
of a number of amino acids in ethanol-water mixtures have 
been reported (2). In the present communication, similar 
data are reported for some of the fatty acids. The titration curves 
of lysine, arginine, and salmine with certain fatty acids have been 
measured in alcoholic solution and the soaps have been prepared. 

The amino acids used in this investigation were compounds of 
known purity. Acetic, propionic, and valeric acids were tested 
for purity by titration with sodium hydroxide in aqueous solution. 
Caprylic, capric, lauric, myristic, palmitic, stearic, oleic, and erucic 
acids were highly purified samples which were furnished generously 
by Dr. S. Lepkovsky. Salmine was prepared from a specimen of 
salmine sulfate which was prepared by the late Professor A. Kos- 


* Aided by a grant from The Chemical Foundation, Inc., and the Re- 
search Board of the University of California. 

We are indebted to the Cyrus M. Warren Fund of the American Academy 
of Arts and Sciences for the loan of the type K potentiometer. 

+t National Research Council Fellow in Medicine, 1933-34. 
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sel, and presented by Professor S. Edlbacher. The titrimetric 
methods used have been previously described (2). 


EXPERIMENTAL 


Determination of pK’ Values of Fatty Acids in Ethanol-Water 
Miztures—The paH of half neutralized 0.01 m solutions of the sev- 
eral fatty acids and sodium hydroxide containing varying amounts 
of ethanol was measured by means of the hydrogen electrode. 


TABLE [ 
pK’ Values of Fatty Acids in Ethanol-Water Mixtures at 20° 

Pro- Cc Myris-| Pal 
ethanol-| | pionie |Putyrie) | Capsie | Taurie| tic | mitic | 
mixture 

vol. per 

cent 

98 7.76 | 7.78 

95 7.67 7.65 7.66 | 7.69 

90 | 7.06 | 7.45 | 7.42 | 7.51 | 7.48 | 7.48 | 7.52 | 7.50 | 7.50 | 7.47 
85 7.32 7.32 7.32 | Ppt 

80 | 6.68 | 7.07 | 7.06 | 7.15 | 7.12 | 7.13 | 7.15 | 7.14 

75 6.98 

72 6.83 6.84 
70 | 6.33 | 6.69 | 6.72 | 6.79 | 6.78 | 6.78 | 6.82 | 6.81 6.79 
65 6.66 | Ppt 

60 | 5.98 | 6.33 | 6.36 | 6.50 | 6.51 | 6.46 | 6.53 

55 6.41 

50 =|: 5.66 | 5.98 | 6.01 | 6.20 | 6.22 | 6.22 | Ppt. 

43 6.14 

40 | 5.35 | 5.66 | 5.68 | 5.88 | 5.97 | Ppt. 

30 | 5.10 | 5.38 | 5.34 | 5.55 | Ppt. 

20 5.12 | 5.09 | 5.26 


Measurements involving the higher fatty acids were, of course, 
obtainable only in higher concentrations of ethanol; precipitates 
were formed in lower concentrations, as shown in Table I. 

It is evident from the data given in Table I that the higher fatty 
acids examined show remarkable similarity with regard to their 
pK’ values when measured in ethanol-water mixtures. This will 
be referred to under “Discussion.”’ 

Titration of Lysine and Arginine with Fatty Acids—Salts of weak 
bases with weak acids are subject to hydrolysis. The hydrolysis 
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constant may be obtained by subtracting the pK’ value of the acid 
from the pK’ value of the base. This method of evaluation 
eliminates a consideration of the pK’ value of the solvent. The 
pK’: values of lysine and arginine in 72 per cent ethanol are respec- 
tively 9.00 and 9.40 (2). The pK’ values of lauric and oleic acids 
in the same solvent are respectively 6.83 and 6.84 (Table I). 
Hence the hydrolysis constant of the soaps of lysine and arginine 
with these respective fatty acids in 72 per cent ethanol will, in 
every case, be less than 10-*. The dissociation curves obtainable 
by titration of lysine and arginine with lauric and oleic acids were 
calculated from the values computed for the hydrolysis constants 
by applying the equations of Kolthoff (3).. The assumptions 
involved in the use of the equations are: (a) that the hydrogen 
and hydroxyl ion activities are approximately equal (at the point 
of equivalence of base and acid, the paH was calculated to be in 
the neighborhood of 8. The neutral point of the solvent used is 
probably about paH 7.7); (b) that hydrolysis is small. 

Computed curves and observed values are shown in Fig. 1. 
The agreement is considered fairly satisfactory. The S-shape of 
the curves is indicative of salt formation. 

Titration of Salmine with Fatty Acids—Electrometric titrations 
of a 0.82 per cent solution of salmine in 30 per cent by volume of 
ethanol with hydrochloric and caprylic acids in 30 per cent ethanol, 
and with hydrochloric and lauric acids in 72 per cent ethanol were 
carried out. The fatty acids readily neutralized the protamine 
but, due to the weakness of these acids, the titration curves ob- 
tained with them differed from the curves obtained with hydro- 
chloric acid when extended to points where more than 1 equivalent 
of acid had been added. The equivalence of salmine as a base 
was calculated from the observed titration curve with caprylic 
acid in 30 per cent ethanol. Since this acid is so weak that it 
combines only with the excess basic groups of the salmine molecule 
(t.e., those groups which are not in zwitter ionic combination 
with carboxyl groups), the curve is not complicated by buffering 
with zwitter ions at low values of paH, which is the case in the titra- 
tion curve with hydrochloric acid. 

The pK’ value of salmine was measured in various ethanol con- 
centrations by obtaining its paH when half neutralized with hydro- 
chloric acid. It was found to increase rapidly with the concentra- 
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tion of ethanol, and, by extrapolation, to have a value of about 
11.0 in water. Salmine is therefore a stronger base than arginine 
whose pK’. value in water is 9.04 (4). These observations are 
thought to be of interest in connection with the structure of argi- 
nine (see ‘“‘Discussion’’). The results are shown in Table II and 
in Fig. 2. 

Preparation of Salts of Basic Amino Acids and Fatty Acids— 
Small samples of the following salts were prepared: lysine and 
arginine laurates, lysine and arginine stearates, arginine palmitate, 


10.0F 


9.0F 


paH 


7.0F 


.¢] 0.5 1.0 15 2.0 25 
Mols Fatty Acid per Mol of Amino Acid 

Fig. 1. Titration curves of lysine and arginine with lauric and oleic 
acids. The upper curve is calculated for the titration of arginine with 
lauric or oleic acids. The lower curve is calculated for the titration of 
lysine with lauric or oleic acids. The points represent experimental values. 
O, lysine and lauric acid; A, lysine and oleic acid; 0, arginine and lauric 
acid; X, arginine and oleic acid. 


and lysine erucate. The method used was to warm the pure amino 
acid with about 2 equivalents of fatty acid. The amino acid usu- 
ally went into solution. A few drops of alcohol were added, fol- 
lowed by 10 volumes of ether. The salt was precipitated and the 
excess of fatty acid remained in solution. The precipitate was 
washed twice with ether. The salts possessed high melting points; 
for example, arginine stearate softened at 175° and melted with 
blackening at 185°. It was almost tasteless. In general, the salts 
were white soapy powders, insoluble in water. 
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TABLE II 


_ Titration of Salmine with Hydrochloric Acid and with Lauric Acid in 72 Per 
Cent Ethanol, and pK’ Values of Salmine As Base in Various 
Ethanol-Water Concentrations 


HCl per mole salmine, moles...... 


0 


& 


1.78} 2. 
7.03) 6. 


30 |40 (60 
1] 45/1157 11 .84/12.04)12.24 


20 


0 


20 40 60 
Mols X 10™° of Acid per 8.2 mqs. of Salmine 


Fig. 2. Titration curves of salmine with hydrochloric acid (O) and with 
caprylic acid (X) in 30 percent ethanol. The points indicate experimental 
observations, and the curves have been plotted to fit the points. 


0.29) 0.50) 0.72) 1. 
Lauric acid per mole salmine, 
Ethanol, vol. per cent.............| 6 
on 
100 
paH 
40 
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DISCUSSION 


The influence of substituent groups upon the dissociation con- . 
stant of the carboxyl group has been discussed in detail by Derick 
(5). It may be briefly summarized as follows: A substituent 
methyl group decreases the dissociation slightly. The effect will 
be greatly diminished by increasing its distance in the molecule 
from the carboxyl group. Therefore, methylacetic acid, or 
propionic acid, will be appreciably weaker than acetic acid. 
Lengthening of the chain by additional methylene groups will be 
practically without effect, because the distance of these groups 
from the carboxyl] group is so great that they do not influence its 
dissociation. 

This is nicely illustrated by the pK’ values of fatty acids in 90 
per cent ethanol listed in TableI. The similarity between the pK’ 
values of all the higher fatty acids examined in ethanol-water 
mixtures strongly suggests that they have pK’ values in water 
which lie between 4.9 to 5.0. This is in close agreement with the 
calculated value of 4.95 made by Derick (5) for caprylic acid. 

Previous findings (2, 6) indicated that the pK’ of an amino 
group was almost the same in ethanol-water mixtures as in water. 
An interesting departure from this rule was noted (2) in the case 
of the pK’; value of arginine, which was increased greatly by 
addition of ethanol. The pK’; value of arginine represents the 
guanidine group which carries the positive charge of the arginine 
zwitter ion. It has been pointed out (7) that the guanidine group 
probably ionizes in the resonant form 


+ 
NH: NH: NH; 


+ 
H:N=C—NH— H:N—C—NH— H,N—C=NH— 


which accounts for its pronounced basicity. Hence the guanidine 
group may be expected to behave differently from an amino group 
+ 


since the former does not give rise to—-NH;. This may explain 
its inertia in the nitrous acid and formaldehyde reactions, and 
the difference in the effect of ethanol on its pK’ value from the 
effect of ethanol on the pK’ value of an amino group. The data 
presented for the pK’ values of salmine in ethanol-water mixtures 
furnish an interesting application of these observations. Since 
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salmine contains 12 molecules of arginine for every 18 molecules 
of total amino acids (8), it is natural to assume that the basicity 
of salmine is due to free guanidine groups; the a-amino groups of 
the arginine molecules are held probably in peptide linkage. The 
basic properties of free arginine are due principally to the a-amino 
group, since the guanidine group exists in zwitter ionic combina- 
tion with the carboxyl group. The pK’ value of saJmine is increased 
markedly by ethanol (Table II), while the pK’: of arginine, 
which represents the a-amino group, is not much changed by 
ethanol (2). 

The properties of salmine may be expected to be cationic rather 
than zwitter ionic, since for every zwitter ion in its molecule, there 
' must be at least twelve free basic groups. 

It will be seen from Fig. 2 that the titration of salmine with 
caprylic acid in 30 per cent ethanol reached an end-point rather 
sharply. This was not the case with hydrochloric acid since buf- 
fering took place in the lower paH values which were not reached 
when caprylic acid was added. 


SUMMARY 


1. The pK’ values of ten straight chain saturated fatty acids 
were measured in various ethanol-water mixtures. The values 
obtained indicated that all of the higher fatty acids examined pos- 
sess nearly identical pK’ values, and that their pK’ values in water 
probably lie between 4.9 and 5.0. 

2. Lysine and arginine were titrated electrometrically with lauric 
and oleic acids in 72 per cent ethanol. Fairly close agreement 
was obtained between the calculated and the observed values. 
The salts thus produced were hydrolyzed less than 1 per cent. 

3. Titration curves of salmine with hydrochloric, caprylic, and 
lauric acids in ethanol-water mixtures indicate that combination 
took place in every instance. 

4. The pK’ value of salmine was found to be markedly increased 
by increasing the concentration of ethanol. Its value in water is 
about 11.0. Salmine is a stronger base than arginine. 

5. Salts of lysine and arginine with certain of the higher fatty 
acids were prepared, and some of their properties are described 
briefly. 
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THE HEMICELLULOSES EXTRACTED FROM MESQUITE 
WOOD AFTER CHLORINATION* 


By LILA SANDS ann PAULINE NUTTER 
(From the Department of Chemistry, University of Arizona, Tucson) 


(Received for publication, February 27, 1935) 


Sands and Gary (1) have investigated the hemicellulose ex- 
tracted from mesquite wood by 5 per cent sodium hydroxide. 
Microscopic studies, by Bailey,' of sections of mesquite wood 
indicated that a relatively large part of the hemicellulose remained 
in the wood after extraction by 5 per cent sodium hydroxide. His 
studies also indicated that delignification of the wood with chlo- 
rine gas and ammonium hydroxide rendered all of the remaining 
hemicellulose soluble in 10 per cent sodium hydroxide. The 
present investigation deals with the composition of the hemi- 
cellulose which was isolated after the chlorination of the wood. 

Extraction of Hemicellulose—The sawdust from mesquite wood 
was ground to pass a 40 mesh sieve. After complete extraction 
with 5 per cent sodium hydroxide as described by Sands and Gary 
(1), the moist sawdust was washed, placed loosely in large bottles, 
and treated with excess chlorine gas. It was next extracted with 
cold 10 per cent ammonium hydroxide in order to remove the 
excess chlorine and chlorine acids as well as that lignin which had 
been rendered soluble by the chlorine treatment. In order to 
remove the hemicellulose which had become soluble through 
delignification, the sawdust was washed free from ammonia and 
extracted with 2 to 3 times its weight of cold 10 per cent sodium 
hydroxide for 24 hours. This process was repeated four times 
before delignification was complete, but after the final chlorination 


*The material reported in this paper was taken from a thesis pre- 
sented by Pauline Nutter in partial fulfilment of the requirements for the 
degree of Master of Science at the University of Arizona. 

1 Unpublished communication from Dr. I. W. Bailey of Harvard Uni- 
versity. 
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and sodium hydroxide treatment the sawdust residue was per- 
fectly white and completely reduced to a pulp. 

Fractionation and Analysis of Hemicellulose—There were four 
lots of hemicellulose, one obtained after each chlorination of the 
sawdust. In order to determine whether these should be com- 
bined or treated separately, the uronic acid content of each was 
determined. The hemicellulose obtained after the first, second, 
third, and fourth chlorination contained, respectively, 12.16, 
10.12, 6.04, and 2.20 per cent uronic acid, calculated as the anhy- 
dride. On the basis of these results, the extracts obtained after 
the first and second chlorination were assumed to be similar and 
were therefore combined. The hemicellulose obtained after the 
third chlorination was so evidently a mixture of hemicelluloses 
like those extracted after the second and fourth chlorination that 
it was not investigated. The extract obtained after the fourth 
chlorination was treated separately. 

Perusal of the earlier paper (1) will recall that Hemicellulose A 
was precipitated by acidifying the alkaline extract with acetic 
acid and that Hemicellulose C was precipitated by the addition of 
an equal volume of acetone to the acidified extract. Following 
this, Hemicellulose A was separated into Fraction A; and Fraction 
Ae by dissolving it in 2.5 per cent sodium hydroxide and frac- 
tionally precipitating it with alcohol. In like manner Hemicellu- 
lose C was separated into Fraction C,; and Fraction C2. Each of 
the two lots of hemicellulose described in the current article was 
fractionated in this manner, giving a total of eight fractions. In 
order to differentiate them from each other and from those obtained 
before chlorination, the fractions of hemicellulose obtained after 
the first and second chlorinations will be designated by the letter 
a, thus Fraction aA,, Fraction aAz, and so on. The fractions 
obtained after the fourth chlorination will be designated by the 
letter b, thus Fraction bA;, Fraction bA2, and so on. 

The yields of the various fractions of hemicellulose were as 
follows: Fraction aA,, 112.0 gm.; Fraction aAg, 3.6 gm.; Fraction 
aC,, 38.1 gm.; Fraction aC2, 14.4 gm.; Fraction bA;, 17.4 gm.; 
Fraction 1.6 gm.; Fraction bC,, 8.6 gm.; Fraction 3.4 gm. 
There was a total of 199.1 gm. of hemicellulose and it represented 
4.14 per cent of the original sawdust. Since the hemicellulose ex- 
tracted after the third chlorination was not included and since 
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there was unavoidable loss during the preparation of the 199.9 
gm., the total amount of hemicellulose liberated by delignification 
was greater than this. 

Table I shows the results from the analysis of the eight fractions 
of hemicellulose. The degree of methylation of the fractions 
obtained after the first and second chlorination was nearly identical 
with that found in the hemicellulose of Sands and Gary. There 
was approximately one methoxyl group per uronic acid unit. 
The fractions obtained after the fourth chlorination contained 
definitely less than one methoxyl] group per uronic acid unit. 


TABLE 
Analysis of Hemicelluloses 
: oe No. of OCH: No. of xylose 
las anhydride| as OCH, | Soups per | Xylan | units per, | Body X 
per cent per cent per cent per cent 
aA; 8.38 1.52 1.03 77.07 12.27 1.30 
aAg 14.29 2.28 0.91 76.70 7.16 
aC, 14.65 2.69 1.04 80.14 7.30 0.62 
aC, 16.21 2.75 0.96 81.23 6.68 0.52 
bA, 3.28 0.38 0.66 32.13 13.06 55.87 
bA» 5.85 0.91 0.89 65.29 14.86 
bC, 11.25 1.76 0.89 78 .00 9.25 3.36 
bC, 15.83 2.11 0.76 79 .00 6.66 


The pentosan content was higher in every fraction obtained 
after delignification than in the corresponding fraction obtained 
before delignification. Examination of this constituent proves 
that the method of fractionation was not successful in separating 
these hemicelluloses into chemical entities. The more complex 
fractions contained from slightly more than 12 anhydropentoses 
in Fraction aA, and 13 anhydropentoses in Fraction bA, to nearly 
15 anhydropentoses per uronic acid unit in Fraction bA;. The 
more complex Hemicellulose A; isolated before delignification 
showed, by analysis, 11.09 anhydroxyloses per uronic acid unit. 
The simpler fractions obtained after delignification contained 
slightly more than 6.5 to more than 7 anhydropentoses per uronic 
acid unit, while three fractions obtained by Sands and Gary 
showed, by analysis, 6.04, 6.06, and 6.15 anhydroxyloses per 
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uronic acid unit. Evidently the structure of the hemicelluloses 
isolated after chlorination resembled the general pattern of the 
two obtained before chlorination but there were more than two 
individuals present. 

Fraction bA; contained 55.87 per cent of a non-hydrolyzable 
substance recorded in Table I as body X. This so called body X 
appeared as a white residue during hydrolysis. Subsequent 
examination showed that it contained no pentosan. It dissolved 
in 72 per cent sulfuric acid, giving a solution that reduced potas- 
sium dichromate. It dissolved in 17.5 per cent sodium hydroxide 
and reprecipitated upon acidification as a white gelatinous pre- 
cipitate. When hydrolyzed under conditions that would split 
cellulose, it was fermented by yeast. These tests prove the ma- 
terial to be cellulose. A positive response to the color test of 
Schwalbe and Becker (2) together with the fact that it gave 0.395 
per cent carbon dioxide when boiled with 12 per cent hydrochloric 
acid identified it as oxycellulose. Since this material proved to 
be oxycellulose, there was no reason for assuming that it was com- 
bined to Fraction bA; asa body X. It is well known that oxycellu- 
lose would have dissolved in the alkaline solvent used to remove the 
hemicellulose from the wood and would have precipitated along 
with the hemicellulose upon acidification. A small amount of 
oxycellulose was found associated with the body X from Fraction 
bC;. Throughout the entire investigation there was no other 
indication of the oxidation or extraction of cellulose from the 
sawdust by the rather drastic means used to remove the hemi- 
cellulose. 

Hydrolysis of Hemicellulose—Following the analysis of the 
hemicellulose, five of the eight fractions remained in quantities 
sufficient for hydrolysis. Gary found that hydrolyzing his hemi- 
cellulose in 1 per cent sulfuric acid did not reduce it to the aldo- 
bionic acid. Link (3, 4) has found that boiling a polyuronide or 
aldobionic acid for 15 hours in 2.5 per cent sulfuric acid is usually 
sufficient to liberate all of the sugar without complete destruction 
of the uronic acid. Link’s procedure was followed in the hydrolysis 
of Fractions aA;, aC;, aCe, bA;, and bC,. 

Identification of Sugars—Upon concentration of the alcoholic 
solutions containing the sugars liberated by hydrolysis, crystalliza- 
tion occurred so readily and completely as to indicate the pre- 
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dominance of a single sugar. After one recrystallization, the 
various crops of sugar melted between 146—148° and showed a 
specific rotation between [a], = +18.33° and [a], = +18.87°. 
Each crop gave the boat-shaped crystals produced by Bertrand’s 
test and the phenylosazone characteristic of xylose. These tests 
prove that the main sugar in the five fractions of hemicellulose 
was xylose. 

The syrup resulting from the hydrolysis of Fraction bA,, after 
yielding crystalline xylose, gave the skatole color test of Dische 
and Popper (5) and was actively fermented by yeast. Due to 
the difference in the solubility of the osazones of hexoses and 
pentoses, it was possible to isolate an osazone melting, after one 
recrystallization, at 201-202°. Glucosazone melts at 208°. These 
facts prove that there was an easily hydrolyzable glucosan present 
in Fraction bA;, either as an admixture with it or as an integral 
part of the molecule. The residual syrups from the other hemi- 
cellulose fractions gave such slight fermentation with yeast that 
the glucose content was either negligible or uncertain. Tests for 
mannose, arabinose, methylpentose, and galactose were negative 
in every case. 

Barium Salts—Only from Fractions aA, aC,, and aC, were the 
quantities of barium salts sufficient to permit analysis. Although 
rather drastic conditions were chosen for hydrolysis, no free 
uronic acid was obtained. On the basis of the uronic acid content, 
the salt from Fraction aA; contained 3 xylose units per uronic acid 
molecule. This salt was hydrolyzed a second time in boiling 2.5 
per cent sulfuric acid for 15 hours and even then was found to 
contain 2 pentoses per uronic acid molecule. The salts from the 
other two fractions of hemicellulose contained approximately 2 
pentoses per uronic acid unit. In no case did the hydrolysis 
reach the stage of the aldobionic acid. 

Uronic Acid—Recently the senior author identified glucuronic 
acid in the hemicellulose obtained before chlorination. A very 
small amount of potassium acid saccharate was isolated after the 
oxidation (by nitric acid) of the barium salt derived from the 
hydrolysis of the hemicellulose. It was identified by its charac- 
teristic crystalline form, its slight solubility in water, and the fact 
that its silver salt yielded the theoretical amount of silver upon 
ignition. The uronic acid in the hemicellulose isolated after 
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delignification has not been identified. It was not galacturonic 
acid. 


SUMMARY 


Nearly half of the hemicellulose of mesquite wood is rendered 
insoluble by the presence of lignin and becomes soluble in 10 
per cent sodium hydroxide upon delignification. 

As hydrolysis progressed, the methoxyl group remained asso- 
ciated with the fragment of the hemicellulose that contained the 
uronic acid. This, together with the fact that the uronic acid 
failed to produce potassium acid saccharate upon oxidation, would 
indicate that the methoxyl group was attached to the uronic acid. 

Boiling for 30 hours in 2.5 per cent sulfuric acid failed to remove 
the last 2 pentoses from the uronic acid nucleus. 

Xylose was the only sugar of quantitative importance found in 
the hemicellulose. Glucose, from an easily hydrolyzable hexosan, 
was found among the hydrolytic products of Fraction bA;. The 
presence of glucose in any other fraction was either slight or 
uncertain. 

Oxidation of the cellulose by chlorine was neligible until after 
delignification was complete. Oxycellulose was found only after 
the fourth chlorination. 

The number of molecular species in the hemicellulose could not 
be estimated but the hemicellulose was more complex than that 
isolated before delignification. 
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THE METABOLISM OF SULFUR 


XXII. THE CYSTINE CONTENT OF THE HAIR AND NAILS OF 
CYSTINURICS* 


By HOWARD B. LEWIS anv LOIS FRAYSER 


(From the Department of Physiological Chemistry, Medical School, University 
of Michigan, Ann Arbor) 


(Received for publication, March 27, 1935) 


In the young white rat, a diet deficient in its content of cystine 
results in subnormal growth, not only of the organism as a whole, 
but also of the hair (1), an epidermal structure characterized by 
its high content of cystine and sulfur. The hair produced under 
the conditions of an inadequate supply of dietary cystine has been 
demonstrated to have an abnormally low content of cystine and 
sulfur (2, 3). Because of this known relationship of the cystine 
content of the diet to the cystine content of the hair, it has seemed 
of interest to study the cystine content of the hair and nails in 
cystinuria, the error of metabolism characterized by the excretion 
of cystine in the urine. 

In cystinuria, the sulfur which has failed to follow the normal 
path of oxidation to sulfate and is excreted as cystine frequently 
comprises almost half of the total sulfur excretion. It seemed 
that a deviation of so significant a fraction of the total cystine 
from the course of normal metabolism might influence the sulfur 
content of the tissues, particularly the cystine-rich epidermal 
structures, hair and nails. — 

Abderhalden (4) in determinations of the cystine content of the 
hair and nails of a male cystinuric, 26 years of age, by the older 
gravimetric method, obtained normal values. Sullivan and Hess 
(5) in a report presented to the Division of Biological Chemistry 
of the American Chemical Society in September, 1934, have 
stated that the cystinuric nails have a normal cystine content. 


* This research was supported by a grant from The Faculty Research 
Fund of the University of Michigan. 
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We have no information concerning the age, sex, or state of nutri- 
tion of the subjects from which the material was obtained. 

Most of the analyses presented by us were made on the hair and 
nails of children of two cystinuric families. If the loss of cystine 
through excretion by the kidneys were a serious factor in influenc- 
ing cystine metabolism of the tissues, particularly the cystine- 
rich hair and nails, it would seem that the effects should be mgre 
pronounced in growing children than in adults, since it is recog- 
nized that cystine is essential for normal growth. It will be 
recalled that both Abderhalden (6) and Lignac (7) have reported 
cystinuria in children which was associated with general failure of 
nutrition and in which cystine crystals were deposited in the 
various organs. Since age and diet are possible factors influencing 
the composition of the hair (2), we were fortunate in that there 
were available as controls in these two family groups, non-cystinu- 
ric brothers or sisters of the same age groups and of the same general 
nutritional history. A brief history of the subjects whose hair or 
nails were analyzed is presented. 

Family Group I consists of four children, the oldest at the time 
of our observations, 8 years of age, and the youngest, 2 years. 
Analyses of the urines of the parents and about twenty relatives 
have failed to show positive chemical tests for cystine (cyanide- 
nitroprusside). As shown in Table I, repeated calculus formation 
in one child has necessitated surgical intervention. ‘Two other 
children have shown cystine crystals in the urine and positive 
cyanide-nitroprusside tests. Neither cystine crystals nor a posi- 
tive chemical test for cystine has been observed in repeated 
examinations of the urine of the oldest child of this group. 

Family Group II consists of seven children ranging in age from 
3 to 24 years. Our attention was first called to this group by 
Dr. Reed Nesbit and Dr. A. R. Klopfenstein of the University 
Hospital, when the oldest of this group was operated upon for 
removal of kidney calculi. Examination of the urine of the 
brothers and sisters of the patient showed marked cystinuria in a 
younger brother with no history of calculi. Two children of the 
patient were not cystinuric, nor could evidence of the occurrence 
of the error be obtained from examination of the urine of the 
parents or a considerable number of near relatives. The analysis 
of the hair of the three children (two normal and one cystinuric) 
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was made possible by the cooperation of Dr. Nesbit and Dr. 
Klopfenstein. 

Family Group III includes two adults, brothers. A detailed 
surgical and medical history of one of these (R.) has been pre- 


TABLE I 
Cystine Content of Hair and Finger Nails of Normal and Cystinuric 
Individuals 
Famil Cystine 
| | tex | Age Notes 
No. ject : ; 
Hair | Nails 


yrs. pa 
I* B. | M. 8 | 14.7) 9.7) Normal. Cyanide-nitroprusside test 
14.7 in urine, negative 

J. ™ 7 | 14.8) 11.6) Cystinuric. 3 operations for removal 
14.7 of kidney calculi 


H. 5 10.4; Frequent cystine crystals in urine. 


14.0 Positive cyanide-nitroprusside test. 
No history of calculi 

M. | F. 2 10.4; Rare cystine crystal in urine. Cya- 
nide-nitroprusside test strongly posi- 
tive. No history of calculi 


IT J M. | 10 | 16.9 Large numbers of cystine crystals in 
urine. Cystine excretion, 0.6-0.7 
gm. daily 

M. | F. 7 | 17.2 Normal. Sullivan and nitroprusside 
tests in urine negative 
W.| M 5 | 16.9 
III | W.; ‘ | 45 | 17.2; 11.5) Cystinuric. Caleuli removed from 
kidney 
R. oa 11.1) Cystinuric. 6 operations for removal 
of calculi from kidney 
P. ‘“ | 22 | 16.1 -| Cystinuric. Cystine excretion, 0.7- 
0.9 gm. daily. Large numbers of 
crystals 


* Two samples of hair collected at an interval of 3 months were analyzed. 


sented by Bryan (8). Examination of the urine of seven children 
of this patient has revealed no evidence of cystinuria. 
Subject P. is a student at the University (9), who excretes large 
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amounts of cystine daily and who has been the subject of repeated 
metabolism studies which will be reported subsequently. 

The hair was prepared for analysis by extraction with organic 
solvents as described previously (10). The nail parings were 
washed with distilled water, dried, extracted in the cold with 
alcohol and ether, then dried in an oven at 90° for 18 to 22 hours. 
Hydrolysis was effected by the microprocedure essentially as 
described by Sullivan and Hess (11), the hydrolysis extending 
over 8 hours. Cystine was determined in the hydrolysates accord- 
ing to the Lugg modification of the Sullivan method (12). It was 
not necessary to decolorize the hydrolysates previous to colori- 
metric analysis. All figures are averages of closely agreeing 
duplicate (in many cases triplicate) hydrolyses. 

The results of the analysis (Table I) afford no evidence of a 
lower content of cystine in cystinuric hair or nails than in normal 
hair or nails of children of the same age within the same family 
group. It is to be noted that the percentage of cystine of the 
hair of members of family Group I is significantly less than that 
of family Group II, but that there are no variations within the 
individual groups which can be related to the metabolic error, 
cystinuria. The values for adult hair and nails (11, 13) are within 
the known normal ranges for these tissues. 

The failure of the deranged sulfur metabolism in cystinuria to 
influence significantly the cystine content of the epidermal tissues 
is of especial interest in view of the reported decreased cystine 
content of the nails associated with pellagra (13) and arthritis 
(11). In these diseases, some abnormalities of sulfur metabolism 
which divert the sulfur compounds from their normal anabolism 
in nails have been suggested. 

Our results are also of interest in view of the recent evidence that 
the cystine of the urine in cystinuria does not originate from cystine 
but from methionine or cysteine (14, 15). In unpublished ob- 
servations (16) on subject P., we have obtained data in support 
of this theory. It is suggestive that epidermal tissue contains 
little methionine (17) and much cystine and that cystinuria may 
not involve an error of cystine utilization according to these more 
recent studies. Is the cystine content of hair and nails not altered 
in cystinuria because cysteine and methionine are not significant 
for the anabolism of these tissues? This question cannot be 
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answered until the problem of the relation of dietary methionine 
to the growth and content of cystine of the hair has been studied 
as has the similar relation of dietary cystine (1-3). 


SUMMARY 


The analyses of the nails and hair of cystinuric individuals, 
both children and adults, have shown no evidence that the excretion 
of cystine by the kidneys influenced the cystine content of these 
cystine-rich tissues. | 


BIBLIOGRAPHY 


1. Lightbody, H. D., and Lewis, H. B., J. Biol. Chem., 82, 485 (1929). 
2. Lightbody, H. D., and Lewis, H. B., J. Biol. Chem., 82, 663 (1929). 
3. Smuts, D. B., Mitchell, H. H., and Hamilton, T. S., J. Biol. Chem., 96, 
283 (1932). 
4, Abderhalden, E., Z. physiol. Chem. , 104, 129 (1918). 
5. Sullivan, M. X., and Hess, W. C., unpublished data. 
6. Abderhalden, E., Z. physiol. Chem., 38, 557 (1903). 
7. Lignac, G. O. E., Nederl. Tijdschr. Geneesk., 68, sect. 1, 2987 (1924); 
69 sect. 2, 819 (1925); Deutsch. Arch. klin. Med., 146, 139 (1924). 
8. Bryan, R. C., Bulletin of the Stuart Circle Hospital, Richmond, April 
(1931). 
9. Lewis, H. B., Ann. Int. Med., 6, 183 (1932). 
10. Wilson, R. H., and Lewis, H. B., J. Biol. Chem., 73, 543 (1927). 
11. Sullivan, M. X., and Hess, W. C., J. Bone and Joint Surg., 16, 185 (1934). 
12. Lugg, J. W. H., Biochem. J., 27, 668 (1933). 
13. Payne, S. A., and Perlzweig, W. A., J. Clin. Inv., 12, 899 (1933). 
14. Brand, E., Cahill, G. F., and Harris, M. M., Proc. Soc. Exp. Biol. and 
Med., 31, 348 (1933-34). 
15. Brand, E., and Cahill, G. F., Proc. Soc. Exp. Biol. and Med., 31, 1247 
(1933-34). 
16. Lewis, H. B., Brown, B. H., and White, F. R., unpublished data. 
17. Barritt, J., Biochem. J., 28, 1 (1934). 


» 
val 
“SF 
4 
a 
4 
| 
3 
Fie 
? 


| 


THE DETERMINATION OF IODINE IN BIOLOGICAL 
MATERIAL 


By VIRGINIA TREVORROW anv GLADYS J. FASHENA 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received tor publication, March 28, 1935) 


One of the greatest hindrances to the biochemical study of 
thyroid function has been the lack of a relatively simple, rapid, 
and accurate method for the determination of minute amounts of 
iodine in biological material. In general, the methods proposed 
have been of two types—those employing dry ashing and those 
employing wet digestion. The principal objections to the former 
group lie in the complexity of the procedure, the great length of 
time required for each determination, the many possibilities for 
iodine loss during the process, and the danger of incomplete com- 
bustion and loss of volatile substances unless an elaborate closed 
system is used. 

Pfeiffer (1928) was one of the first to introduce wet digestion for 
iodine determination. He suggested a procedure. based upon the 
use of concentrated sulfuric acid and hydrogen peroxide to destroy 
the organic material and simultaneously liberate the iodine which 
was conducted into an alkaline absorber. The failure of this 
method to oxidize fats satisfactorily has greatly limited its useful- 
ness. Leipert (1933, 1934) proposed a method for iodine determi- 
nation which seemed to offer very distinct advantages over any of 
the earlier procedures. This investigator oxidized the organic 
matter with chromic acid in the presence of sulfuric acid and a very 
small amount of cerous sulfate. All of the iodine present is 
oxidized to iodic acid by this treatment. The iodic acid is then 
reduced to free iodine by arsenic trioxide and the liberated iodine 
steam-distilled at a low pressure into an absorber containing so- 
dium hydroxide. After oxidation of the iodine with bromine, the 
resulting iodic acid is allowed to react with potassium iodide and 
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the liberated iodine is titrated with thiosulfate, starch being used 
as an indicator. Leipert also described a special all-glass ap- 
paratus in which the entire process of digestion and transfer of 
the iodine may be carried out. 

To those who have employed one of the dry ashing methods for 
iodine determination, the tremendous advantages of such a pro- 
cedure as this are at once apparent. The rapid and clean cut 
oxidation of the organic matter with chromic and sulfuric acids 
reduces to a half hour or less a process which usually takes 4 to 
8 times as long, and which is usually difficult and uncertain. We 
were therefore led to give the Leipert method a most thorough 
study and trial and it was only after several weeks of intensive work 
with the procedure that we became convinced that there were 
many sources of error in the method which made it undependable 
and therefore useless. Repeated trials showed that, while occa- 
sional determinations run on the reagents alone or with known 
amounts of iodine yielded satisfactory results, in the great ma- 
jority of instances the blank determinations yielded a substance 
which reacted as iodine and which appeared in widely varying 
amounts, while the attempted recovery of known amounts of 
iodine gave results which were almost invariably too high. Fur- 
thermore, quite frequently it was noticed that the distillate became 
. mysteriously yellow during the distillation, while at other times 
the final solution to be titrated contained something which reacted 
slowly with the potassium iodide to liberate a large amount of 
iodine. Even in the absence of this substance the end-point was 
indistinct and difficult to read. 

Investigation showed that the sources of error in Leipert’s 
procedure were three in number. First, it was found that arsenic 
could frequently be demonstrated in the distillate by means of the 
Marsh test. The arsenic acid formed from this by subsequent 
bromination liberates iodine in the final titration, thus leading to 
grave errors. Secondly, when substances containing appreciable 
amounts of chloride (blood) were digested with chromic and sul- 
furic acids, a large amount of chromyl chloride was formed, of 
which traces invariably distilled over into the absorber. This 
gave rise to the yellow color and was also found to be responsible 
for the slow liberation of the excess iodine in the final titration. 
Furthermore, even in the absence of appreciable chromy] chloride 
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it could be demonstrated that vigorous distillation caused. the 
transfer, by entrainment, of enough chromium to interfere with the 
final titration. In the third place, it was found that the large 
amount of acetic acid which formed during the digestion of organic 
material later distilled into the alkaline absorber, interfering with 
the sensitivity of the titration because of two factors: the high 
salt concentration and the buffer action of the residual potassium 
acetate. 

To overcome these difficulties, we have introduced certain 
modifications. Phosphorous acid has been substituted for arsenic 
trioxide as the reducing agent, since it is more easily purified 
and is completely non-volatile under the conditions of the method. 
The chromyl] chloride and acetic acid are both removed by in- 
troducing a boiling period after digestion. Errors due to entrain- 
ment have been overcome by the inclusion of a Kjeldahl bulb in 
the apparatus. Further modifications of the apparatus have been 
made by removing the dropping funnel and the second absorber 
described by Leipert, since both have been found unnecessary. 
The first part of the work was carried out with the use of chromium 
trioxide and sulfuric acid for the digestion as originally proposed 
by Leipert. However, we encountered some iodine-containing 
samples of chromium trioxide which were difficult to purify. 
Potassium dichromate was then tried in its place and found to 
be ideal for the purpose. It is inexpensive, easily purified, and 
because of its slow conversion to chromic acid in the digestion 
flask it appreciably diminishes the intensity of the reaction. 
Leipert probably used chromium trioxide instead of the much 
cheaper dichromate because the high solubility of the former per- 
mitted him to add it in sufficient quantity in solution. After we 
found that nothing was to be gained by adding the oxidizing agent 
in solution, the possible advantage in the use of chromium trioxide 
disappeared. 


Reagents and Apparatus 


The following is a list of the reagents used and the methods of 
purification which we have employed. 

Water. Distilled water is redistilled from a potassium carbonate 
solution in a glass apparatus. This water is used for all purifica- 
tions and for the preparation of all aqueous solutions. 
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Potassium dichromate. A technical or c.p. grade of potassium 
dichromate is recrystallized twice from redistilled water, washed 
with purified alcohol, and dried in an oven at 110°. 

Chromic acid-sulfuric acid mixture. A mixture of 3 gm. of 
potassium dichromate and 5 cc. of water is dissolved in 95 ce. of 
concentrated sulfuric acid. Baker’s c.P. sulfuric acid has been 
found iodine-free. 

Cerous sulfate. A c.p. grade of cerous sulfate is washed three 
times with purified alcohol. 

Phosphorous acid. A c.p. grade of phosphorous acid is melted 
and a minimum amount of water added to prevent solidification. 
This is steam-distilled, a constant volume being maintained, until 
the distillate is free from chloride. 

Potassium carbonate. A saturated aqueous solution of potas- 
sium carbonate is washed five times with 95 per cent alcohol; 
from this, a 0.1 per cent aqueous solution is prepared. 

Alcohol. Alcohol which has been used in washing potassium 
carbonate or 95 per cent alcohol shaken with solid potassium 
carbonate is distilled. 

10 per cent aqueous sodium bisulfite. Eimer and Amend 
T. P. quality has been found to be free from iodine; however, if 
purification is necessary, it may be effected by precipitation of the 
salt from aqueous solution with purified alcohol. The solution 
must be prepared fresh every 4 days. 

0.01 per cent aqueous methyl orange. 

3 per cent sulfuric acid. 50 cc. of concentrated sulfuric acid are 
boiled with 0.1 ec. of 30 per cent hydrogen peroxide for 45 minutes; 
from this, a 3 per cent aqueous solution is prepared. 

Bromine. 50 cc. of liquid bromine are washed three times with 
10 cc. of 0.1 N sodium hydroxide. The vapor may be conveniently 
prepared as needed by means of the apparatus shown in Fig. 1, a. 
Liquid bromine is kept in the small flask; bulb d is filled with soda- 
lime. Blowing at tube e gives a supply of bromine vapor at f. 

Potassium iodide. Any c.p. grade of iodate-free iodide may be 
used. Mallinckrodt’s potassium iodide Neutral has been found 
satisfactory. 

Starch indicator. A 0.2 per cent soluble starch solution pre- 
served with 1 mg. of mercuric iodide per 100 cc. of solution is used 
(Kolthoff). 
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0.001 N sodium thiosulfate. A reagent grade of the salt is 
used. The dilute solution has been found to keep satisfactorily 
for 2 months in a dark refrigerator. Nevertheless, the solution 
should be standardized frequently against 2 cc. of a standard 
potassium iodate solution which contains within 10 micrograms 
of the amount of iodine to be determined in the subsequent 
samples. 

Potassium oxalate has been used as an anticoagulant and has 
been found to contain iodine. It may be purified by precipitation 
with alcohol from saturated aqueous solution. 

Antibump. A very satisfactory material may be prepared from 
unglazed crockery by breaking it into small pieces, boiling for 10 
minutes with dilute nitric acid, then boiling several times with 
water, followed by heating to redness for half an hour. 

If the reagents have been properly purified, a complete blank 
determination should yield no color upon the addition of potassium 
iodide and starch indicator to the evaporated distillate. It must 
be emphasized that extreme care must be taken to exclude dust 
from the reagents, apparatus, and samples. 

An apparatus of Pyrex glass with interchangeable ground glass 
joints! has been used (Fig. 1). We obtain the apparatus with at 
least three digestion flasks (B), one each of 150 cc., 300 cc., and 
500 cc. capacity. For the determination of iodine in 15 cc. of 
blood, a 500 cc. digestion flask should be used, but with smaller 
amounts of organic material, 150 cc. and 300 cc. flasks are more 
convenient. The receiver (C) is so constructed that the lower 
constricted portion has a volume of 10 cc. and the total volume 
up to joint c is 125 cc. Steam is generated in flask A from dis- 
tilled water containing potassium carbonate. The apparatus may 
conveniently be washed between determinations by applying 
suction to tube g, with clamp / closed, and drawing several portions 
of redistilled water through the condenser and digestion flask. 


Procedure 


The following procedure is described for the determination of 
iodine in blood. Slight changes in technique when the method is 
applied to other substances are described later. 


1The apparatus was made for us by the Scientific Glass Apparatus 
Company, Bloomfield, New Jersey. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 110, No. 1 


ts 
be 
t 
a 
t 
% 
| 
» 
4 


34 Iodine in Biological Material 


To 15 cc. of oxalated blood in the digestion flask are added 15 
ec. of water, 30 gm. of solid potassium dichromate, approximately 
10 mg. of cerous sulfate, and, with very slow addition, 80 to 100 
ec. of chromic acid-sulfuric acid mixture. During the addition 
of the acid, which should require about 10 minutes, the flask is 
cooled under running water and the contents mixed constantly by 
gentle rotation. When the reaction has become less vigorous, the 
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Fic. 1. The distillation apparatus. 
Fic. 1, a. Bromine apparatus. 


flask is warmed over a free flame until digestion is complete and 
foaming has ceased, although there still will be active bubbling 
due to the decomposition of chromium trioxide and to the evolution 
of acetic acid. The flask is now cooled and the level of the con- 
tained fluid marked with a glass-marking pencil. 25 ce. of water 
and a few pieces of antibump are added and the mixture boiled 
vigorously. The escaping vapor has a strong odor of acetic acid. 
Boiling is continued until the fluid has been concentrated to the 
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volume marked on the flask, but no further. If the vapor still 
has the odor of acetic acid, the flask is cooled, water added, and 
the material again concentrated to the original volume. This step 
is repeated until the odor of acetic acid can no longer be detected. 
The concentrated yellow-green mixture is cooled to 50—55° and 4 ce. 
of phosphorous acid are added, which completely reduces the 
excess chromic acid and the iodate, leaving a slight excess of 
phosphorous acid. The sides of the flask are washed with a 
minimal amount of water from the jet of a wash bottle, the whole 
mixed by a single rotation, and the flask attached to the apparatus. 
The receiver, containing 10 cc. of 0.1 per cent potassium carbon- 
ate, is now attached to joint a, b being left open. 

During the digestion of the blood the steam generator (A) has 
been heated to boiling with clamps J and 2 open and clamp 3 
closed. With the clamps in this position, the attached digestion 
flask (B) is heated to incipient boiling over a small free flame (JJ). 
Joint b is now attached with clamp 4 closed and the suction is 
turned on. Clamp 4 is opened slowly until air begins to bubble 
through the receiver, the pressure within the apparatus being 
reduced by about 10 cm. of mercury. Clamp 2 is now closed and 
3 is opened slowly to admit steam. The rate of distillation should 
be adjusted by clamp 3 to a speed which will allow 40 cc. of water 
to condense in the receiver (C) in 25 to 30 minutes. Flame JJ is 
adjusted to maintain a constant volume in flask B. Distillation 
is continued until the receiver contains a total volume of 50 cc. 
If water collects in the tube leading to clamp 2, it should be drained 
by carefully opening clamp 2. Tostop the distillation, close clamp 
4, open 2, remove the two burners, and slowly disconnect the 
receiver at joint a; joint b is loosened after the receiver has been 
removed. 

The condensed fluid in the receiver is transferred to a 125 ce. 
Pyrex Erlenmeyer flask, 3 drops of 10 per cent sodium bisulfite 
and 2 drops of 0.01 per cent methyl orange are added, and the 
mixture made just acid by careful addition of 3 per cent sulfuric 
acid, boiled for 1 minute, and cooled.? If, as is usually the case, 
the solution has become alkaline to methyl orange, 3 per cent 
sulfuric acid is again added to acidity and the solution boiled, the 


? It is necessary to cool the flask before ascertaining the acidity of the 
solution, since the pH range of the indicator changes with temperature. 
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TABLE 


Determinations of Iodine on Simple Iodine Compounds, Blood, and Other 


Organic Materials 


Substance used 
Present Found 
micrograms | micrograms 
Potassium 2.1 2.1 100 
42.0 41.7 99 
10.6 9.6 90 
‘ + potassium iodide....... 2.7 2.7 100 
20 ‘* + diiodotyrosine.......... 3.4 3.4 100 
‘* ‘* + potassium iodide....... 4.7 4.5 96 
20 + diiodotyrosine..........| 5.5 5.4 98 
10 “+ 6.7 6.2 93 
Plasma, 5 cc. + thyroxine.................. 1.4 1.5 107 
«5 “ + diiodotyrosine.............. 1.4 1.4 100 


V. Trevorrow and G. J. Fashena 37 


TABLE I—Concluded 
Iodi 
Substance used 
Present Found 
micrograms | micrograms 
1:5 egg white, 10 cc. + thyroxine........... 2.1 1.9 90 
- 2 ‘* -+ iodopropionic acid...... 2.9 3.1 107 


process being repeated until the material remains acid after boiling. 
It is very essential to avoid adding an excess of sulfuric acid, as it 
has been found that even 1 or 2 extra drops will appreciably 
decompose the potassium iodide added in the final titration. 
Bromine vapor is now added to the acid solution and should pro- 
duce an immediate decolorization of the methyl orange, sub- 
stituting in its place the deep orange color of the bromine. The 
solution is concentrated by boiling to 2 cc., cooled, 2 drops of 
starch solution and a few crystals of potassium iodide added, and 
the solution titrated with standardized 0.001 N sodium thiosulfate. 
For the titration a 1 cc. microburette calibrated in hundredths of 
a cc. and delivering a drop not exceeding 0.01 cc. should be used. 

When using the method for materials other than whole blood, 
the amounts of potassium dichromate and sulfuric acid must be 
varied in accordance with the type of material used and the 
amount of organic material present. About 10 gm. of potassium 
dichromate and 30 cc. of chromic acid-sulfuric acid mixture are 
needed for each gm. of dried protein to be destroyed, approxi- 
mately 20 gm. of dichromate with 40 cc. of the acid mixture for 
each gm. of pure butter fat, and 7 gm. of dichromate with 25 cc. 
of the acid for each gm. of carbohydrate. The exact amounts 
necessary may be judged by the color of the digested mixture; 
when digestion is complete this should be green tinged with 
yellow, as contrasted with the blue-green color of chromic sulfate. 
A slight excess of the dichromate does no harm but one must be 
sure that sufficient phosphorous acid is added to reduce such 
excess. Too little dichromate will result in iodine loss. 
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Results 


The results obtained with the method when applied to simple 
iodine compounds, to blood with and without the addition of 
iodine compounds, and to various other organic materials are 
shown in Table I. It is of interest to note that 4 gm. of butter 
may be digested without difficulty and that added iodine may be 
recovered satisfactorily in the presence of this large amount of 
fat. This, we feel, is striking evidence in favor of the efficiency of 
the method of oxidation employed. 

It will be seen that the maximum error in any of the determina- 
tions does not exceed 10 per cent, which is about 0.1 microgram in 
blood analyses, and usually falls considerably below this figure. 
On the basis of our experience we are of the opinion that, even in 
the hands of an experienced analyst, no method at present available 
for iodine determination can be relied upon to yield results 
consistently which may not vary from theoretical values by as much 
as 0.1 microgram of iodine, though the accuracy may be much 
greater than this in any single series of determinations. 
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THE BLOOD SUGAR OF THE FASTING, GIZZARDECTO- 
MIZED FOWL (GALLUS DOMESTICUS) 


BY W. H. BURROWS, J. C. FRITZ, anp HARRY W. TITUS 


(From the Nutrition and Physiology Laboratories of the Office of Poultry 
Investigations, Beltsville Research Center of the United States Depart- 
ment of Agriculture, Beltsville, Maryland) 
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(Received for publication, March 20, 1935) 


Bierry and Fandard (1), Macleod (2), Macowan and Magee 
(3), Henry, MacDonald, and Magee (4), and others have called 
attention to a peculiar, marked rise in the level of the blood sugar 
of fasting chickens on the 4th day after the withholding of feed. 

The finding of appreciable quantities of feedingstuffs in the 
gizzard of a bird that had been fasted for 6 days suggested that 
herein might lie the explanation of this so called 4th day peak. 
Having in our possession six Rhode Island Red cockerels that had 
survived surgical removal of the gizzard! and had remained in 
good health, we decided to fast these birds and determine their 
blood sugar levels at regular intervals in an effort to ascertain 
whether or not the gizzard has any material effect on blood sugar 
fluctuations of fasting chickens. 


Materials and Procedure 


Only Rhode Island cockerels, from 16 months to 2 years old, 
were used in these experiments. The gizzardectomized birds had 
been operated on more than a year prior to these experiments and 
were in excellent condition. All of the birds were fed all they 
would eat of an adequate diet for 1 week prior to each experiment. 
The gizzardectomized birds and six control birds which were not 
operated on were fed a finely ground diet such as the gizzardecto- 
mized birds had subsisted on, of necessity, since the time of their 
operation. Other controls were fed a diet of coarsely cracked 


1 The technique of this operation is to be presented elsewhere by the 
senior author. 
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corn. No appreciable difference could be observed in the results 
from the two groups of control birds, and the curves shown in 
Fig. 1 were selected as typical of both groups. 
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Fic. 1. Effect of fasting on blood sugar of aaah cockerels 
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Fia. 2. Effect of fasting on blood is of gizzardectomized cockerels 


All birds were kept under the same fasting conditions during the 
several experiments, and, to guard against the eating of feces and 
litter, were kept in cages having wire screen bottoms. 

Just before the beginning of each fast and at intervals of 24 hours 
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throughout the period of each fast, blood samples were taken with 
a dry Luer syringe through a 20-gage needle inserted into the 
heart. Blood sugar determinations were made by the Shaffer- 
Hartmann-Somogyi method, as given by Peters and Van Slyke (5), 
immediately after the blood was drawn. Although the experi- 
ments lasted from 7 to 10 days, none of the birds showed any 
evidence of distress from the long fast or from experimental treat- 
ment. However, earlier studies showed that cockerels, gizzardec- 
tomized for only 30 to 60 days before being subjected to the 
experiment, did not withstand such treatment. These birds 
invariably became weakened toward the end of the experiment; 
the sugar content of their blood fell rapidly and four of the five 
birds used for the experiment died. 


DISCUSSION 


The fluctuations in the blood sugar level of normal and gizzardec- 
tomized cockerels during a period of fasting are shown in Figs. 1 
and 2 respectively. 

Although the curves are all somewhat irregular, there is no 
indication of any 4th day peak. That this lack of a 4th day peak 
is not due to the use of finely ground feedingstuffs is evidenced by 
the absence of such a peak in the curves for those control birds 
that were fed coarsely ground corn. 

The difference between the curves for the control birds and 
those for the gizzardectomized birds is no greater than some of 
the differences to be found between the curves for individuals 
within either group. It is concluded, therefore, that the gizzard 
plays very little if any part in the fluctuations of the blood sugar 
level of the fasting chicken. 
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PHYSICOCHEMICAL EFFECTS PRODUCED BY THE IR- 
RADIATION OF CRYSTALLINE EGG ALBUMIN 
SOLUTIONS WITH a PARTICLES* 


By L. EARLE ARNOW 


(From the Laboratories of Biophysics and Physiological Chemistry, 
University of Minnesota, Minneapolis) : 


(Received for publication, February 27, 1935) 


Only a few investigators have studied the effects produced by 
irradiating protein solutions with a particles. Fernau (8) ob- 
served that albumin solutions were coagulated by the radiation. 
Straub and Gallwitzer-Meier (22) found irregularities when they 
plotted the carbon dioxide tension as a function of the carbon 
dioxide-combining power of hemoglobin solutions. These irregu- 
larities disappeared following exposure to @ particles. Chambers 
and Russ (6), however, had previously made the statement that 
a particles converted hemoglobin to methemoglobin. 

Zhukov and Unkovskaya (24) observed that the viscosities of 
gelatin solutions were decreased by exposure to irradiation with 
a particles. In some experiments the solutions gelatinized, and 
the viscosity of the liquid separating from the gel then constantly 
decreased until a value equal to that of water was reached. No 
gelation occurred in solutions containing sodium hydroxide or 
hydrochloric acid. A decrease in pH was also observed. 

Mascherpa (16) found that .the electrical conductivity of egg 
albumin solutions was increased by exposure to a particles. The 
increase was proportional to the dose of radiation. With heavy 
irradiation, the protein solutions rapidly became turbid. In 
interpreting these results, however, it is well to remember that 
conductivity water itself undergoes an increase in electrical con- 
ductivity during exposure to irradiation with a particles as the 
work of Nurnberger (17) has shown. 


* The data in this paper are taken from a thesis submitted by the author 
to the Graduate School of the University of Minnesota in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 
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Loiseleur (15) reported that ammonia was liberated from the 
following amino acids when their aqueous solutions were exposed 
to irradiation with a particles: glycine, alanine, leucine, aspartic 
acid, glutamic acid, cystine, arginine, tryptophane, and tyrosine. 
Arginine was hydrolyzed to urea and ornithine, and a small 
amount of hydrogen sulfide was produced from cystine. Tyrosine 
solutions became brownish red, and tryptophane solutions were 
discolored a yellowish red. 


Methods and Apparatus 


The egg albumin samples used in the experiments described in 
this paper were prepared according to the method of Sgrensen 
and Hoéyrup (20). The protein concentrations of the egg albumin 
solutions were calculated from determinations of total nitrogen. 
Cavett’s (5) modified micro-Kjeldahl method was used for this 
purpose. The ratio between total nitrogen and protein concen- 
trations was determined by evaporating various known volumes of 
aqueous, electrolyte-free egg albumin solutions to dryness at 40°, 
drying to constant weight in a vacuum desiccator, and weighing 
the resulting solid. Determination of total nitrogen on the same 
original solutions then enabled the calculation of nitrogen per- 
centage of the protein itself to be made. The author has obtained 
values between 15.09 and 15.14 per cent, with an average of 15.12 
per cent. Calvery (3), using a different technique, found exactly 
this average value for the nitrogen percentage of egg albumin. 
Consequently, the protein concentrations have been computed by 
multiplying the nitrogen concentration by 6.61. 

Measurements of ultra-violet absorption spectra were made 
with a Judd Lewis (14) sector photometer in conjunction with a 
quartz spectrograph, both pieces of apparatus having been manu- 
factured by Adam Hilger, London. As a source of ultra-violet 
light, the author has used the under-water tungsten arc described 
by Gibson, McNicholas, Tyndall, and Frehafer (9). A _ brief 
description of the use of the above apparatus has been published 
by Nurnberger and Arnow (18). 

Measurements of pH have been made either with a Bailey (1) 
hydrogen electrode vessel and a Queen potentiometer or with a 
glass electrode and with the circuit as described by Hemingway 
and Arnow (10). 
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The viscosity measurements were made with an Ostwald 
viscometer. The volume of the viscometer was such as to require 
5 cc. of solution. Distilled water was used as a reference standard, 
and all measurements were made at 22°. 

Solutions for irradiation were prepared by dilution of the stock 
protein solution. If the pH was desired to be other than that of 
the isoelectric point, small quantities of nitrogen-free NaOH or 
H2SO, were added. 

In carrying out the irradiation it was necessary to have the 
protein solutions fairly wellevacuated. This evacuation could not 
be done in the irradiation apparatus, since the solution, in under- 
going evacuation, filled the apparatus with frothy bubbles which 
later became hard, semirigid masses of denatured protein. If, 
however, the solutions were evacuated outside the system and were 
then placed immediately in the irradiation chamber, immediate 
- subsequent evacuation did not result in the formation of bubbles. 
Consequently, the apparatus labeled B in I'ig. 1 was constructed. 
The protein solution was placed in bulb H, the small glass tubing 
attached to this bulb having been sealed off at the extreme end, 
markedC. Jissimply atrap. The pumpwas then started and the 
solution was evacuated. 

The irradiation apparatus used by the author was originally 
designed by Nurnberger (17). It is labeled A in Fig. 1. With 
this apparatus, the radon is brought into direct contact with the 
liquid, a part of it dissolving and a part remaining in the gas 
phase. The amount of radon in the liquid phase can be calculated 
from data given by Hevesy and Paneth (11). 

The liquid phase is contained in chamber L. G is the chamber 
containing the gas phase. The liquid volumes have been varied 
from 15 to 50 cc. in different experiments; the gas volumes have 
varied from 7 to 16 cc. These volumes were determined either 
by filling the irradiation bulbs with mercury and weighing them, or 
by filling the bulbs with water delivered from a calibrated burette. 
Little difference in the accuracy of the two methods was observed. 

The radon used in these experiments was obtained from the 
Radium Emanation Plant of the Cancer Institute of the University 
of Minnesota Hospital. It was collected, purified, and stored in 
small glass bulbs about 4 mm. in diameter. The strength of the 
bulbs was determined by comparing the rate at which they dis- 
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charged a charged electroscope with the rate at which standard 
radium needles discharged the same electroscope. In making 
these measurements, the radioactive rays were filtered through 
5 mm. of brass and 15 mm. of lead. 


To 


To pump 


A 


Fig. 1. Apparatus for the irradiation of protein solutions with @ parti- 
cles. For a complete description see the text. 


The tube F, about 4 mm. in diameter and about 3 em. in length, 
is sealed into the top of the irradiation bulb. The solution is 
introduced into the chamber through this tube by means of a small 
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stemmed funnel. Tube F is connected near its mid-point to one 
arm of the capillary manometer, M. Sealed in bulb G are two 
tungsten electrodes, S, each being connected to the secondary 
terminals of an induction coil. The volume of the tube F, the 
volume of the bulb G, and a volume of capillary tubing extending 
from tube F to a point HE compose the total volume of the gas 
phase. The volume per unit length of tube F being known, this 
volume is determined as described above.. After chamber L is 
filled with the previously evacuated protein solution, tube F is 
sealed off. 

A cylindrical chamber, P, used for the purpose of bringing the 
radon into the reaction chamber, is connected into the left arm 
of the manometer. It consists of a straight vertical tube about 
15 cm. long and 2.5 cm. in diameter. Its lower end is drawn down 
to a diameter of about 2mm. Near the lower end, ashort tube, /, 
is sealed into the side wall as shown. Radon bulbs are brought 
into P through J, the end of this side tube then being sealed off. 
Inside the chamber P there is a small cylinder of iron imbedded 
in a capsule of glass. By raising this iron-glass capsule with an 
electromagnet and allowing it to fall, the radon bulb is broken and 
the radon allowed to escape into the system. At this stage the 
entire system has been evacuated by means of a General Electric 
oil pump and mercury has been brought up into the manometer to 
the lower end of P. 

The mercury is raised into the manometer by elevating the 
mercury bulb until the level of mercury in the left arm of the 
manometer rests at HE. All the radon is thus confined to the irra- 
diation chamber. Air is allowed to enter the right arm of the 
manometer through a CaCk drying tube, so that the pressure of 
the gases above the solution is equal to the difference between 
atmospheric pressure and the difference in heights of the mercury 
in the two arms of the manometer. The volume of the gas phase 
is maintained constant by keeping the stop-cock below P closed 
except during the process of taking pressure readings. 

To eliminate condensation of water in the manometer arm, the 
reaction chamber was immersed in a water bath kept at constant 
temperature a few degrees below room temperature. ‘Tap water 
was heated by electric coils and its temperature regulated by a 
Cenco thermal regulator. 
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At times during the experiments, small bubbles of gas collected 
(n the walls of chamber L. When this occurred, the solution was 
stirred by the motion of a round glass bead of about 6 mm. diam- 
eter. Inside the bead was a soft iron core, so that an electro-— 
magnet placed just outside the water bath could be made to 
attract and release the bead. 

The reaction chamber was thoroughly cleaned with cleaning 
solution before use. The cleaning solution was removed by re- 
peated washings with distilled water, and the entire apparatus was 
dried. 


EXPERIMENTAL 


Preliminary experiments carried out with isoelectric solutions 
showed that such solutions coagulated very readily under the 
influence of the a particles. This was not due to the motion of 
the small glass bead stirrer contained in compartment L, since the 
coagulation would not appear in the absence of the radiant energy. 
It was also observed that the gas pressure above the protein solu- 
tion remained perfectly constant as long as no radon was present 
in the system. 

Usher (23), Cameron and Ramsay (4), Kernbaum (13), Bergivitz 
(2), Duane and Scheuer (7), and Nurnberger (17) have studied the 
effect of irradiation of water with a particles. The water is de- 
composed to hydrogen and oxygen, although in the initial portions 
of such an experiment there is more hydrogen than would theo- 
retically be expected. According to a personal communication 
from Nurnberger, this worker has since found that if elaborate 
precautions are taken to exclude the last trace of gas from the water 
exposed to the irradiation, decomposition does not take place. 
At any rate, however, since these elaborate precautions cannot be 
carried out on protein solutions, it might be expected that the 
irradiation of a dilute protein solution would result in the produc- 
tion of some hydrogen and oxygen gases. Early experiments 
showed that the irradiation always resulted in an increased gas 
pressure above the solution, but the gas thus formed underwent 
no change in pressure following the passage of an electric spark 
between the tungsten electrodes. Obviously the gas could not bea 
mixture of hydrogen and oxygen. If pure hydrogen were intro- 
duced into the chamber, the resulting gas phase still underwent no 
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pressure change when sparked, but if pure oxygen were added, a 
change in pressure always appeared after sparking. The amount 
of change could be calculated if the gas produced by the irradiation 
was assumed to be pure hydrogen. Hence, the gas produced was 
either pure hydrogen, or some other gas capable of uniting with 
oxygen in the same proportion as hydrogen, or a mixture of 
hydrogen and such a gas. The gas other than hydrogen most 
likely to satisfy these conditions probably would be CO. How- 
ever, analysis of the gas produced in a Van Slyke volumetric 
pipette showed no CO to be present. Moreover, in many of the 
experiments, the amount of gas produced is of such a quantity 
that, assuming it to be hydrogen, more is present than possibly 
could be produced from the amount of protein present. It seems 
certain, therefore, that most, if not all, the gas produced in the 
irradiation experiments is hydrogen. 


Gas Phase 


Figs. 2 to 7 contain the data obtained by measuring quantita- 
tively the gas production accompanying the irradiation of egg 
albumin solutions at different hydrogen ion concentrations. Gas 
volumes have been corrected to 0° and 760 mm. of mercury 
pressure. 

It now occurred to the author that the irradiation of some 
protein other than egg albumin might yield information of value 
in interpreting these results obtained with egg albumin. A sample 
of gelatin supplied by the Digestive Ferments Company, Detroit, 
was analyzed and found to contain 15.38 per cent nitrogen. The 
data obtained by the irradiation are given in Fig. 8. The gas 
formed in this irradiation of gelatin was entirely hydrogen, if the 
assumptions made for the gas produced by the irradiation of egg 
albumin are also made here. 


Liquid Phase 
Since isoelectric egg albumin solutions were coagulated by the 
irradiation in a comparatively short time, measurements on the 
liquid phase were necessarily made after only a small amount of 
radon had disintegrated in the solutions and before the coagulation 


process began. 
Total Nitrogen—That no nitrogen-containing gas appears in the 
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gas phase even in alkaline solutions is shown not only by the 
fact that all the gas produced unites with oxygen in definite quan- 
titative proportions, but also by the invariable experimental fact 
that the total nitrogen value of the solution is unchanged by the 


\ 


4 8 12 16 20 
MILLICURIES OF RADON DISINTEGRATING IN SOLUTION 


cc. OF PRODUCED 


Fig. 2. The production of gas by the irradiation of isoelectric egg albu- 
min solution of pH 4.81 with @ particles. The protein concentration was 
1.59 mg. per cc.; gas volume, 16.1 cc.; liquid volume, 48.4 cc.; radon origi- 
nally in the liquid phase, 19.4 millicuries; period of irradiation, 14.7 days. 
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Fia. 3. The production of gas by the irradiation of isoelectric egg albu- 
min solution of pH 4.80 with @ particles. The protein concentration was 
0.23 mg. per cc.; gas volume, 11.0 cc.; liquid volume, 21.9 cc.; radon origi- 
nally in liquid phase, 45.0 millicuries; period of irradiation, 6.67 days. 


irradiation. This has been found to be true regardless of the 
pH of the solutions, and was true for the gelatin solution as well 


as for the egg albumin solutions. 
pH of Solutions—The pH appears to be but little affected when 
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its initial value is 4.8 or lower, but it is markedly lowered if its 
initial value is more alkaline than that of the isoelectric point. 
This is illustrated by Table I. 
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Fic. 4. The production of gas by the irradiation of egg albumin solution 


of pH 6.70 with a particles. 


The gas volume was 15.9 cc.; liquid volume, 


48.4 cc.; protein concentration, 1.26 mg. per cc.; radon originally in liquid 
phase, 30.9 millicuries; period of irradiation, 9.27 days. 
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Fig. 5. The production of gas by the irradiation of egg albumin solution 


of pH 7.46 with @ particles. 


The gas volume was 11.8 cc.; liquid volume, 


21.4 cc.; protein concentration, 0.35 mg. per cc.; radon originally in liquid 
phase, 51.6 millicuries; period of irradiation, 14.6 days. 


Coagulation Temperature and Viscosity—Since electrolyte-free 
egg albumin or egg albumin protected by small amounts of acid or 
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alkali will not coagulate even at the temperature of boiling water, 
the coagulation temperatures were determined on solutions con- 
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MILLICURIES OF RADON DISINTEGRATING IN SOLUTION 
Fig. 6. The production of gas by the irradiation of egg albumin solution 
of pH 8.80 with a particles. The gas volume was 11.3 cc.; liquid volume, 
21.9 cc.; protein concentration, 0.10 mg. per cc.; radon originally in liquid 
phase, 42.9 millicuries; period of irradiation, 12.96 days. 
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Fig. 7. The production of gas by the irradiation of egg albumin solution 
of pH 3.97 with @ particles. The gas volume was 12.6 cc.; liquid volume, 
48.5 cc.; protein concentration, 0.19 mg. per cc.; radon originally in liquid 
phase, 37.9 millicuries; period of irradiation, 11.89 days. 


sisting of 5 cc. of protein solution plus 0.5 cc. of saturated am- 
monium sulfate solution. In the one case of egg albumin solution 
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of pH 1.65, only 0.25 cc. of saturated ammonium sulfate was added 
to 5 cc. of the protein solution, this solution being particularly 
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Fic. 8. The production of gas by the irradiation of gelatin solution of 
pH 4.51 with a particles. The gas volume was 11.4 cc.; liquid volume, 21.9 
cc.; protein concentration, 0.52 mg. per cc.; radon originally in liquid phase, 


32.4 millicuries; period of irradiation, 18.2 days. 


TaBLE J 
pH Values of Protein Solutions before and after Exposure to a Particles 


Protein 


Radon decom- 
posing per mg. 


protein 


pH 


Before exposure| After exposure 


Egg albumin................ 
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unstable. In carrying out the determination, two test-tubes, 
one containing non-irradiated protein, and the other containing 
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irradiated protein, were placed side by side in a water bath. A 


thermometer was immersed in each test-tube. 


The temperature 


of the bath was gradually raised until cloudiness appeared. 


TABLE II 


Values of Viscosity and Coagulation Temperature of Egg Albumin Solutions 
before and after Exposure to a Particles 


Vi ity at 22° Coagulation temperature 
before exposure protein Before After Before After 
exposure exposure exposure exposure 
mitllicurie milli poises milli poises 
1.65 0.070 9.71 9.92 32 38 
4.81 0.065 9.66 9.81 74 67 
6.63 0.042 9.85 9.73 74 70 
1.6 
1.2 [| VA 
§ 
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Fic. 9. Ultra-violet absorption spectra of egg albumin (initial pH, 
6.63). © indicates the sample was not irradiated; @, irradiated. 


Viscosity measurements were taken with an Ostwald viscometer 


at 22°. 


Ultra-Violet Absorption Spectra—The changes which take place 
in the ultra-violet absorption spectra of albumin solutions following 


irradiation are illustrated in Figs. 9 to 11. 


In plotting the curves, 


the extinction coefficient has been corrected to a standard concen- 
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tration of 0.28 mg. of protein nitrogen per cc. of solution. The 
solutions used were those listed in Table II. 


1.6 


1.2 


240 260 280 300 320 
WAVE LENGTH (MILLIMICRONS) 
Fic. 10. Ultra-violet absorption spectra of egg albumin (initial pH, 
4.81). © indicates the sample was not irradiated; @, irradiated. 
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Fig. 11. Ultra-violet absorption spectra of egg albumin (initial pH, 
1.65). O indicates the sample was not irradiated; @, irradiated. 


DISCUSSION 


If, in these experiments, the primary action of the radon was 
on the water present, it might be predicted that there would be a 
linear relationship between the amount of radon disintegrating and 
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the number of cc. of gas produced. In the case of isoelectric egg 
albumin this is true, but the slope of the curve is far lower than 
would be anticipated. The work of Duane and Scheuer (7) 
has established that the disintegration of 1 millicurie of radon in 
water results in the production of 0.383 cc. of gas, or of 0.255 cc. 
of hydrogen. The value obtained from Fig. 2 is only 0.054 cc., 
and the value from Fig. 3, 0.154 cc. This is an indication that 
not only is oxygen utilized by the protein, but also some hydrogen. 

In the case of solutions of pH removed from that of the iso- 
electric point, there seem to be at least two reactions involving 
hydrogen. It might be expected that the abrupt break in the 
curves indicates the completion of one of these reactions, in which 

case the amount of hydrogen used per mg. of protein would be 
constant in different experiments. This does not, — appear 
to be true. 

It is possible that the reaction in question is a reversible one. 
Such an explanation might explain why no break occurs in the 
curves for isoelectric solutions. In these solutions, the denatured 
protein precipitates from the solution, and it might therefore be 
expected that any reversible reaction would go to completion. In 
the case of solutions of pH values removed from the isoelectric 
point, the point of equilibrium probably would depend on the pH, 
the size of the irradiation apparatus, the protein concentration, the 
radon concentration, and other variable factors. 

In the case of the two solutions irradiated at the isoelectric 
point, it might be expected that the slopes of the two graphs 
would be the same; but this is not the case. Probably the number 
of hydrogen molecules which escape from the protein solution to 
appear in the gas phase is governed partly by chance. It seems 
reasonable to suppose that this number would depend on the 
number of protein molecules per unit of volume, the number of 
ion pairs formed in the same volume unit, the average time and 
length of path before the hydrogen ion reverted to molecular 
state, and other factors. Thus, if a hydrogen ion (or, perhaps, an 
activated water molecule) did not collide with an active protein 
grouping within a certain critical time, then it would become 
inactive molecular hydrogen. 

As Fig. 8 shows, the irradiation of gelatin seems to result in one 
more reaction than occurred in the case of egg albumin. The 
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slope of the final portion of the curve is 0.214 cc. of gas per milli- 
curie of radon, which represents the nearest approach to the value 
for water obtained by Duane and Scheuer. It is entirely possible 
that a third reaction could also be demonstrated in the case of egg 
albumin, if a sufficiently large amount of radon were available. 

The irradiation of isoelectric albumin, or of albumin in solution 
more acid than isoelectric, results in an increased absorption of 
ultra-violet light. Recently Raper (19) has found that phenyl- 
alanine is converted to tyrosine by hydrogen peroxide in acid solu- 
tion, and if the reaction is allowed to continue, the tyrosine is 
further converted to dihydroxyphenylalanine. Now, in general, 
the introduction of the OH group into a benzene ring increases the 
absorption of ultra-violet light. For example, benzene and phenol 
in hexane both have their maximum absorption of ultra-violet 
light at 275 millimicrons but the molecular extinction coefficient of 
phenol is 2250 as opposed to 900 for benzene ((12) p. 361). The 
maximum molecular extinction coefficient for phenylalanine is 
2190; it is 2400 for tyrosine ((12) p.373). Hence, it is possible that 
these same reactions occur when albumin is irradiated in acid 
solution. 

The irradiation of the egg albumin in alkaline solution resulted 
in a decrease of ultra-violet absorption. This seems likely to be 
due to cleavage of the benzene ring, this hypothesis being sup- 
ported by the fact that Stenstr6m and Lohmann (21) have re- 
ported such a cleavage when tyrosine and tryptophane are ex- 
posed to Roentgen rays. 


SUMMARY 


1. The irradiation of egg albumin solutions with a particles 
results in the formation of a visible coagulum if the initial pH 
of the solution is that of the isoelectric point. At other values 
of the pH, there is usually no visible coagulum. 

2. The irradiation results in the utilization of oxygen by the 
protein molecule, the oxygen being supplied by the decomposition 
of water by the a particles. Hydrogen in smaller equivalent 
amounts is also utilized. The utilization of the hydrogen involves 
at least two reactions in the case of egg albumin and at least three 
reactions in the case of gelatin. 

3. The total nitrogen of the protein solutions remains the same 
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before and after the irradiation, regardless of the pH at which the 
solutions are irradiated. ; 

4. The pH of isoelectric solutions and of solutions of pH less 
than that of the isoelectric point are little affected by the irradia- 
tion. If solutions of pH greater than isoelectric point are irra- 
diated the pH is markedly lowered. 

5. The ultra-violet absorption spectrum is changed quantita- 
tively by the irradiation. The absorption is increased in the case 
of solutions at or below the isoelectric point, and is decreased in 
the case of solutions above the isoelectric point. 

6. The viscosities of solutions at or below the isoelectric point 
are raised by the irradiation. If the pH of the protein solution is 
greater than that of the isoelectric point, the viscosity is lowered. 

7. The temperature of coagulation is lowered by exposure of the 
protein solutions to a particles when the pH of the solution is equal 
to or greater than that of the isoelectric point. At lower values 
of the pH, the coagulation temperature is increased. 


The writer wishes to express his appreciation to Dr. Allan 
Hemingway, who first suggested this problem; to Dr. W. K. 
Stenstrém and the Cancer Institute of the University Hospital, 
who have made available the necessary quantities of radon, and 
who have furnished much of the physical apparatus used; and to 
Dr. Carl E. Nurnberger, who has devoted many hours to teaching 
the writer the technique necessary for making the physical meas- 
urements reported in this paper. | 
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DIURNAL VARIATIONS IN PLASMA LIPIDS* 


By ELDON M. BOYD 


(From the Department of Pharmacology and the Richardson Laboratories, 
Queen’s University, Kingston, Canada) 


(Received for publication, March 21, 1935) 


The concentration of lipids in the blood of animals and man is 
commonly considered to be a labile value which is affected mark- 
edly by the ingestion of food. This belief is reflected in the usual 
practice of securing samples of blood for comparative lipid studies 
with the subject in a fasting state. The same belief underlies 
the insistence on blood obtained during fasting in performing 
other analyses, for example serum bilirubin, which are thought to 
be influenced by the supposedly increased blood lipids after meals. 

This popular opinion owes its origin apparently to experiments 
performed many years ago, such as those of Ahlfeld in 1877 (1), in 
which it was shown that if an animal be given a meal rich in fat 
the serum of that animal becomes milky due to an increased fat 
content. Subsequent investigations (2, 3, 11, 18) proved that an 
alimentary lipemia may be readily induced by giving a copious 
meal of fat to carnivorous animals but seldom occurs in herbiv- 
orous animals. Attempts to produce an alimentary lipemia in 
man have, in general, been disappointing (8-10, 13, 17, 19). 

In most of this work, the question of the amount of fat fed rela- 
tive to the weight of the animal or human subject has been largely 
overlooked. Recognizing this, Man and Gildea (15) were able 
to show that an alimentary lipemia may be produced in man if 3.5 
gm. of fat per kilo of body weight be given but that a smaller 
ration containing about 0.5 gm. of fat per kilo resulted in minor 
and inconstant variations in the blood lipids. 

It became apparent from these studies that an alimentary 
lipemia did not occur in man unless well over 200 gm. of fat were 
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taken at a single meal. A normal person under normal conditions 
and doing a moderate amount of muscular work consumes very 
much less than 200 gm. of fat at a meal; in fact, probably not over 
this amount would be taken in all three meals of the day. The 
question arose as to whether there is any variation in the concen- 
tration of blood lipids in normal persons during the 24 hours of the 
day. Is there a cumulative effect from taking relatively small 
amounts of fat at intervals resulting in a lipemia in the early 
evening? Is the concentration of lipids in the blood lowest in 
the morning before breakfast, as is commonly assumed at present? 
Does sleep have any effect? These were among the questions 
which the present investigation was designed to answer. 


Procedure 


10 to 15 ce. of blood were removed at periods of 3 to 4 hours 
from one morning to the next from a group of normal individuals 
who continued their usual activities and ate three meals during 
the day. As far as it was possible to ascertain, each of the eight 
subjects studied had previously subsisted on a balanced diet. For 
several days prior to the test they were given their meals in the 
hospital; breakfast at 8 a.m., dinner at 12 noon, and supper at 
5.30 p.m., the dietary being well balanced and containing between 
2000 and 2500 calories per day. Noneof thesubjects was engaged 
in excessive muscular work and none was known to have any 
abnormal condition which might affect the value of blood lipids. 
The ages of the subjects varied between 15 and 62 years, most of 
them being young adults. Seven were men and one a woman. 
All cases were of normal size and weight. 

The diet for the several days before the test and on the day of 
the test consisted of the following. Breakfast was composed of 
cereal with cream, fried bacon and toast, and coffee. Dinner was 
variously made up of soup, meat and potatoes, some other vege- 
table, bread and butter, a dessert, and tea. Supper consisted of 
cold meat or fish, fried potatoes or potato cakes, catsup or pickles, 
bread or buns, some fruit, cake or pie, and tea. 

The test was begun at 8 a.m. and continued until 4 a.m. the fol- 
lowing morning. During the day, samples of blood were obtained 
at intervals of 3 hours up to 8 p.m., after which they were taken 
at intervals of 4 hours during the night. The subjects went to 
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sleep at 10 to 11 p.m., remaining in the hospital during the night. 
All samples of blood were obtained by Dr. H. J. Tweddell to whom 
the author is indebted, especially for his untiring energy in secur- 
ing the night specimens. Blood was removed from the arm veins, 
shaken in a flask with sodium citrate, and immediately centri- 
fuged. 5 cc. of plasma were drawn off and extracted with alcohol- 
ether after the manner of Bloor, previously described (6, 7). 

Each of the several lipids of the blood was determined directly 
or indirectly by means of the oxidative micromethods developed 
by Bloor and his associates and modified in part by Boyd (5-7). 
From time to time several experiments have been directed at 
improving the method with the result that one or two common 
pitfalls have been exposed. Occasionally with these and other 
lipid micromethods results are obtained which do not appear 
correct. At such times it is imperative to check over closely 
each step of the procedure for invariably some detail will be found 
at fault. 

The procedure for determining total fatty acids and for free 
cholesterol has not been altered from the original (6). Attention 
has been directed chiefly toward improving the methods for total 
cholesterol and phospholipids because these two procedures have 
given the most trouble. 

From observations during routine analyses, it was noted that 
variations in the method of saponification appeared to affect the 
final value determined for total cholesterol. In investigating this 
point, it was found that varying the concentration of sodium 
hydroxide between 2 per cent and 80 per cent did not alter the 
recovery of total cholesterol. Apparently cholesterol esters are 
readily saponified with small amounts of sodium hydroxide. The 
intensity of heating and the length of the saponification time were 
found, however, to be factors of importance. There is little doubt 
that sodium hydroxide affects cholesterol in some manner so that 
it will not enter completely into its rather loose union with digi- 
tonin. Sodium ethylate has been tried as a substitute for sodium 
hydroxide and been found equally, if not more, at fault in the same 
manner as have been also potassium salts and various acids. With 
sodium hydroxide, the conditions for optimum recovery of total 
cholesterol have been found to consist in adding 0.1 cc. of a satu- 
rated aqueous solution of sodium hydroxide to an estimated 0.5 
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to 1.5 mg. of total cholesterol contained in 10 cc. of alcohol-ether 
extract and heating for about 1.5 hours on the steam bath with 
sufficient steam pressure to reduce the volume to 1 to 2 cc. in this 
time. The contents of the flask are then acidified with sulfuric 
acid and heated gently until all the alcohol vapor has been driven 
off and permanent patches of condensed water vapor appear on 
the inside of the flask, at which time the volume of the medium 
will be about 1 cc. 

Oberman and Milton (16) stated that cholesterol would not 
combine completely with digitonin in the presence of acid. Hence 
they did not acidify the digest mixture after saponification but 
extracted cholesterol from the alkaline medium with petroleum 
ether. In the experience of the author, extracting the alkaline 
medium directly with 5 volumes of boiling petroleum six suc- 
cessive times failed to remove all of the cholesterol present. The 
remeinder of the cholesterol was recovered when the alkaline me- 
dium was acidified and again extracted with petroleum ether. 

Values for phospholipid obtained by the oxidative method are 
always lower than values for phospholipid calculated from the 
determination of lipoid phosphorus. The method for the deter- 
mination of lipoid phosphorus is usually believed to include the 
estimation of small amounts of non-lipoidal phosphorus com- 
pounds, the oxidative method thus being concluded to give the 
more correct results (20). Kirk, Page, and Van Slyke (14) have 
recently questioned this interpretation of the discrepancy. They 
found that the acetone-magnesium chloride precipitate of the 
phospholipids contained a material which was not soluble in moist 
ether, the solvent used in Bloor’s oxidative method. This undis- 
solved material was shown to contain nitrogen and phosphorus in 
proportions suggesting a diaminophospholipid. It is significant 
that blood contains the diaminophospholipid, sphingomyelin (20), 
which is insoluble in hot or cold ether but is soluble in hot alcohol 
(4), the solvent used by Kirk, Page, and Van Slyke (14). The 
original method for phospholipid put forward by Bloor may be 
correctly concluded to evaluate the percentage of lecithin and 
cephalin, which are soluble in ether, and which, from the title of 
Bloor’s original article, was apparently what the method was 
originally intended for. 

Since magnesium chloride is known to lower the solubility of 
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phospholipids, the smallest amount of magnesium chloride which 
would cause complete precipitation of the phospholipids and inter- 
fere least with their subsequent solution in moist ether was deter- 
mined. With 2 to 5 mg. of phospholipids dissolved in 0.5 to 1 ce. 
of ether or petroleum ether and 7 cc. of acetone added, it was 
noted that 0.1 cc. of a 30 per cent solution of magnesium chloride 
in 95 per cent alcohol would produce optimum recovery of phos- 
pholipids. 

Even under these conditions, the moist ether solution was found 
to leave undissolved an oxidizable material thrown down in the 
acetone precipitation. Hot or cold chloroform substituted for 
moist ether gave higher values which, however, were found due to 
solution of the magnesium chloride only, although hot chloroform 
dissolves sphingomyelin. The residue left undissolved by moist 
ether was dissolved in hot alcohol and after the alcohol was evapo- 
rated off and the residue oxidized, a value was obtained which could 
be only partially accounted for by the oxidation of the magnesium 
chloride likewise dissolved. This oxidizable material left undis- 
solved by moist ether was apparently that reported by Kirk, 
Page, and Van Slyke (14) to contain nitrogen and phosphorus. 
Subsequent work has shown that the amount of this residual 
material varies considerably from one extract to another made 
from various specimens of blood or tissues. Although it appeared 
that the Bloor oxidative method could be readily modified to 
include the estimation of this residual material, by substituting 
hot alcohol for moist ether in the solution of the acetone precipi- 
tate and allowing for the oxidation of magnesium chloride in the 
blank, the author has not adopted such a modification in the 
present investigation until further work on the nature of phos- 
pholipid present in blood is completed. 


Results 


52 samples of plasma were extracted. Changes in the concen- 
tration of the four main lipids have been reported in Table I. 
From these values, the percentage of the remaining lipids such as 
total cholesterol, total fatty acids, total lipid, ete., may be calcu- 
lated by using the factors evaluated by Boyd (6). A detailed 
description of these additional values would add little to what 
may be concluded from a survey of the results in Table I. Hence 
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only their mean values have been reported and these are given 


in Table II. 
The mean value for each lipid per person per day was calculated; 
this mean has been placed in the next to the Jast column of Table I. 


TaBLeE [ 
Diurnal Variations in Concentration of Plasma Lipids 


The results are expressed in mg. per 100 cc. of plasma. 


8 11 2 5 8 12 4 a 
a.m. | am.| p.m.| p.m. | p.m. | p.m. | am. |Mean devia- 
tion 
Free cholesterol 
Maximum variation... .| 63 55 50 52 61 66 57 58) 5.5 
Minimum 41 41 41 38 | 44 47 42 26 
Mean of 8 subjects..... 53 | 52 | 51 | 51 | 51 | 538 | 54 
Standard deviation... 8.9| 6.2 9.3) 9.4, 9.3) 6.7 
Ester cholesterol 
Maximum variation....|/157 (164 |152 (200 147 157 163) 17.3 
Minimum 98 94 | 89 98 | 92 97 96) 3.9 
Mean of 8 subjects...../124 (126 (123 129 
Standard deviation...... 26 | 25 | 22 | 34 | 20 18 | 21 
Phospholipid 
Maximum variation....188 (223 (161 (|248 |180 195 298 
Minimum ....151 (159 |147 |161 7.7 
Mean of 8 subjects.....|185 (183 |179 (|198 |182 /|177 
Standaid deviation... 21 ee 16 
Neutral fat 
Maximum variation... . 205 163 125 75 | 78 (144 149 134 438 
Minimum .... 146 (122 | 95 |102 (134 (109 118) 17 
Mean of 8 subjects...../150 (146 |156 114 (|128 (131 {140 
Standard deviation... 49 | 52 | 54 | 42 | 30 | 32 | 40 | 


Another set of means, given in the next to the last line in Table I, 
was determined in order to estimate the expected range of lipid 
values at various hours during the day in a group of normal indi- 
viduals. The standard deviation of the means has been calculated 
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from the formula 6 = +/2 (x)?/n where 6 represents the standard 
deviation, > a summation symbol, z the difference of each value 
from the mean, and n the total number of readings. Two-thirds 
of any group of values determined under these conditions should 
fall within the range of the mean plus or minus the standard devia- 
tion while 95 per cent of all values should fall within the range of 
the mean plus or minus twice the standard deviation. 

Variations in the concentration of free cholesterol in plasma may 
be found in Table I. The percentage of this lipid will be seen to 
remain rather constant during the day and night, being apparently 
unaffected by the ingestion of food. The standard deviation per 


II 
Diurnal Variations in Mean Values of Lipids in Blood Plasma 
The results are expressed in mg. per 100 cc. of plasma. 


Composition of total lipid 


Hr. of Total Fatty acids Cholesterol 


sampling lipid |» | Phos- 
Phos- | Cho- | Neutral fini 
Total phe. lesterol fat Total | Ester! Free | lipid 
ipid | ester 


8a.m. | 595 | 150 | 349 | 123 | 83 143 | 177 | 124; 53 | 185 


— 591 | 146 | 345 | 122 | 84 139 | 178 | 126 | 52 | 188 
2p.m. | 591 | 156 | 340 | 120 | 82 148 | 174 | 123; 51 | 179 
ites 570 | 114 | 323 | 1382 | 83 108 | 175 | 124; 51 | 198 
_ ei 581 | 128 | 334 | 128 | 84 122 | 177 | 126 | 51 | 192 


ee 563 | 131 | 324 | 121 79 124 | 171 | 118 | 53 | 182 
4a.m. | 586 | 140 | 337 | 118 | 86 133 | 183 | 129 | 54 | 177 


person per day fell within the limits of 2.6 to 5.5 and the average 
percentage standard deviation (6/mean X 100) was 6.5 per cent. 
In other words, two-thirds of all values for plasma cholesterol 
determined at any hour of the day in an average person may be 
expected to fall within the range of the mean for the day plus or 
minus an average of 6.5 per cent of that mean. Bruger and 
Somach (8) found somewhat similar variations in the total choles- 
terol of whole blood during a period of 24 hours on a normal diet. 

The ester cholesterol content of plasma was likewise found to 
remain at remarkably constant values from one morning to the 
next. The standard deviation per person per day varied between 
4.1 and 10.6 per cent of the mean with an average of 7.2 per cent, 
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about the same as found for free cholesterol. There was much 
greater variation in the values for both free cholesterol and ester 
cholesterol between one person and another than between the sev- 
eral values determined in any one individual. The value of the 
ester cholesterol was slightly more than double that for free cho- 
lesterol, while ester cholesterol constituted about 70 per cent of 
the total cholesterol. ‘There was no evidence that the ingestion of 
normal meals had any marked effect on the concentration of ester 
cholestero] of plasma. Nor could it be said that sleep altered the 
results. 

At no time during the day were the values for phospholipid 
consistently higher or lower. ‘The average percentage standard 
deviation per person per day was 9.6 per cent of the mean per day, 
the limits being 4.8 and 15.3 per cent, indicating that the phos- 
pholipid fraction of the plasma lipids is slightly more variable 
than the cholesterol fractions but nevertheless quite constant. 
There was less tendency for phospholipid to vary from one person 
to another than occurred with the other lipids. It may be con- 
cluded that under normal conditions of life, plasma phospholipid 
is not consistently affected by the ingestion of food nor by sleep. 
It is of interest that Haldane, Wigglesworth, and Woodrow (12) 
recorded an increase in blood inorganic phosphorus during sleep. 

The term neutral fat was applied to those residual fatty acids, 
together with the glycerol calculated to be associated with them, 
which were not accounted for when the phospholipid and choles- 
terol ester fatty acids were subtracted from the total fatty acids. 
As in previous investigations, the conclusion may be again made 
that neutral fat is the most variable in concentration of all the 
plasma lipids. The percentage standard deviation per person per 
day varied between 14.3 and 32.1 per cent of the daily mean, the 
average variation being 22.1 per cent of the mean, about 3 
times as much variation as was encountered with the other lipids. 
This marked variation is no doubt due largely to the fact that 
values for neutral fat were calculated from several experimental 
figures and hence involve the error inherent in all of these. The 
mean values of the group suggest that plasma neutral fat is lowest 
at 5 p.m.; in four out of eight cases this was so. Three of the 
remaining had lowest values in the afternoon or evening. Half 
of the cases exhibited their highest value for neutral fat at 8 a.m., 
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the time when blood lipids are usually supposed to be lowest in 
value. There was no evidence that ordinary meals or sleep caused 
any consistent change in plasma neutral fat. 

The mean values for the remaining lipids of plasma have been 
summarized in Table II. This table should be read in conjunction 
with the standard deviation of the means as given in Table I, 
otherwise an exaggerated idea of the constancy of the blood plasma 
lipids will be obtained. 

The results of this survey of plasma lipids indicate clearly that 
although the values vary somewhat from hour to hour during the 
day and night, these variations are not related to the ingestion of 
food, sleep, or to any particular time of the day. A considerable 
part of the recorded diurnal variation must be accredited to errors 
inherent in the methods used which may be said to admit roughly 
an experimental error of +5 per cent. When this is taken into 
consideration, there remains a much smaller variation which is 
due apparently to unexplained occasional changes in fat metabo- 
lism peculiar to this or that person. 


SUMMARY 


Normal individuals under normal conditions of life and ingesting 
three normal meals a day have been shown to exhibit but slight 
variations in the concentration of plasma lipids. Samples of 
blood were taken at intervals of 3 to 4 hours from one morning to 
the next and analyzed by oxidative micromethods. The standard 
deviation of the results per person per day was found to comprise, 
on the average, the following percentages of the means for the day: 
free cholesterol, 6.5 per cent; ester cholesterol, 7.2 per cent; phos- 
pholipids, 9.6 per cent; neutral fats, 22.1 per cent. It was con- 
cluded that the concentration of plasma lipids is not consistently 
nor markedly affected by such factors as time of day, intake of 
ordinary meals, and sleep. 

Variations in the plasma lipids from one person to another were 
found to be 2 to 3 times as great as the average variation per 
person per day. 

Further experiments on the methods of analysis for total cho- 
lesterol and for phospholipids have been reported and certain 
modifications of method adopted therefrom. 
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I. THE ESTIMATION OF PURINES IN TISSUES 
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The classical researches of Miescher and Kossel initiated many 
fruitful investigations into the chemistry of the various cellular 
components. Since Kossel’s time, however, the major interest of 
workers has been in the substances themselves, rather than in 
their relation to the cellular structures. This is the first of a 
series of experiments on the composition of the tissue proteins in 
relation to the anatomy and physiology of the cell. 

With this end in view we turned our attention first to the nucleo- 
proteins, since they are probably the most characteristic of the 
tissue proteins. While the fundamental importance and distinc- 
tive appearance of the chromatin network are universally granted, 
neither the stoichiometric composition of the nucleoprotein, nor 
the concentration of its combined nucleic acid has as yet been 
established as a typical quantitative function of tissue. Since 
nucleic acid is the uniquely characteristic constituent of nucleo- 
proteins and the cell nucleus, it follows that the polynucleotide 
purine content of a tissue is the measure of its nucleoprotein con- 
centration and of its nuclear mass. 

Precise measurement of the nuclear mass, or ‘‘nucleo-cytoplasmic 
ratio,’”’ as Robertson (1) expressed it, would require that the ana- 
lytical sample include only the structural protein components ol 
the cell and exclude all evanescent metabolites. The problem 
then resolves itself into, firstly, the preliminary preparation of the 
tissue, and secondly, the estimation of purines in the prepared 
sample. It is not practicable to fulfil the requirements of a pure 
sample rigorously, however, since some non-protein substances, 
for example the mononucleotides, have much the same solubility 
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as the proteins. Furthermore, the lability of numerous protein 
constituents precludes any drastic treatment. These errors of 
sample preparation, however, are small compared to the errors 
of sampling tissues. The procedure we have adopted for the 
preparation of tissues is safer than and varies in detail from that 
of Robertson, who defined the ideal sample as one containing all 
the coagulable nitrogen under the conditions of combined heat, 
alcohol, and acetic acid treatment. 

Preparation of Tissue—The tissue is frozen in CO, snow or liquid 
air immediately on removal from the animal in order to prevent 
enzyme action, especially that of the nucleases. The frozen mass 
is then sliced on the microtome. (Weare using an efficient labor- 
saving machine made from an ordinary large microtome by attach- 
ing a motor and special freezing head.) The fine tissue shavings 
are dropped from the knife into acetone, and the refrigerant al- 
lowed to bubble out during dehydration. The dehydrated tissue 
precipitates as a powder and is filtered off in a weighed alundum 
extraction thimble. Extraction is carried out in a Soxhlet appa- 
ratus with 95 per cent alcohol, a mixture of equal volumes of alco- 
hol and ether, and finally acetone for 24 hours with each solvent. 
The thimble and contents are then dried in a vacuum desiccator 
and weighed. The extraction and weighing are then repeated until 
the dried weight is constant. Two extractions are usually suff- 
cient since the material is so finely divided by the microtome. The 
samples prepared in this manner are used for other analyses as well 
as the purine determination described below. 7 


Purine Analysis 


Most of the several methods advocated for the estimation of 
the purines require first their liberation by acid hydrolysis and 
then their precipitation by ammoniacal silver nitrate in the cold 
(2) or by copper sulfate and sodium bisulfite at the boiling point 
(3). As none of the procedures in the literature promised sufficient 
precision for our purpose, we reinvestigated the entire problem 
and we can now describe a precise micromethod for the estimation 
of the purines. 

The details of the procedure requiring separate consideration 
are: (a) hydrolysis of the tetranucleotide and its effects on the 
amino purines; (6) solubility relations involved in the precipita- 


XUM 


S. Graff and A. Maculla 73 


tion of the purines; (c) adsorption reactions of the purines and the 
other components of the medium. 

Hydrolysis—As a rule, in previous investigations dilute mineral 
acids have been employed to liberate the purines, although Levene 
and Mandel (4) used acetic acid in hydrolyzing nucleic acid. Rob- 
ertson (1) refluxed tissues in N HCl for 8 hours for his guanine 
estimation; Schmidt (5) used 2 per cent H.SO, for 4 hours. In 
such dilute mineral acid treatment, hydrolysis is slow or incom- 
plete, since solution is incomplete. These particles bump vio- 
lently during the refluxing. Hence, hydrolysis in dilute mineral 
acid is both inefficient and inconvenient. A greater concentra- 
tion of mineral acid might solve these difficulties, but would de- 


TABLE 

Effect of Boiling 1 Mg. of Adenine Nitrogen with HCl 
HCl Time of boiling Recovery 
Ars per cent 

N 60 0 

94 46 

12 62 

0.5 N 24 60 

0.5 12 73 

0.25 N 24 68 

0.25 ‘ 12 78 

0.10 ** 24 84 


stroy the purines. We therefore studied the question of hydroly- 
sis in detail. 

When HCl was used, we found that about 60 hours of refluxing 
on the flame was necessary to éffect complete hydrolysis of tissue. 
(The rate was followed by free amino nitrogen estimation.) Al- 
though the purines are undoubtedly split off on complete hydroly- 
‘sis, they are also quantitatively destroyed. When known samples 
of adenine were boiled with varying concentrations of HCl for 
varying lengths of time, large losses were observed. Similar 
results were observed with guanine (Table I). We found, how- 
ever, that if nucleic acid alone is boiled for 1 hour with n HCl, 
the liberation of purines is complete, and their recovery quantita- 
tive. This mild acid treatment is not applicable to coagulated 
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tissues, since it cannot dissolve them. However, the use of formic 
acid,! a very effective protein solvent, overcomes this difficulty. 
All tissue samples dissolve readily in a mixture of 10 n HCOOH 
and N HCI to yield a clear almost melanin-free solution. This 
acid combination is further of considerable value in that the par- 
tial hydrolysis products resulting from its action are soluble in 40 
per cent alcohol. The acid mixture has a hydrogen ion activity 
equivalent to that of 4 Nn HCl when measured by the glass elec- 
trode; but 4 n HCl itself destroys considerable purine before com- 
plete solution of the tissue, and 10 Nn HCOOH alone forms an in- 
convenient viscous solution with proteins. It is necessary then 


TABLE II 


Effect of Heating 2.780 Gm. of Prepared Guinea Pig Liver in Approximately 
50 Ce. of 10 n HCOOH + wn HCl 


Treatment Purine nitrogen 
mg. per cc. 

Solution on steam bath 0.209 
0.210 
0.212 

+ heating 1 hr. 0 .212* 

0.210* 

+ 2 hrs. 0.164* 

0.166* 

sé 4 0 134* 


* Values recalculated to constant volume from phosphorus value, 
P = 0.211 mg. perce.; N = 6.18 mg. percc. 


that there should be some free HCI in the solution mixture. This 
requirement is met by taking a sufficient volume of the acid mixture 
so that the total HCl present is more than equivalent to the free 
amino groups of the protein treated. Roughly, one should use 
‘at least 12 cc. of the acid mixture for 1 gm. of the protein. In 
actual practise one uses about 5 times this quantity. 

When known samples of guanine, adenine, and nucleic acid 
were refluxed for 1 hour with a mixture of n HCl and 10 n HCOOH 
the purine recoveries were quantitative. That the purines are 
quantitatively split off from nucleoprotein combination in 1 hour 


! Suggested by Professor H. T. Clarke. 
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of heating with HCI-HCOOH is shown in Table II, where guinea 
pig liver, prepared as previously described in this article, was 
heated with the acid mixture. Aliquots were removed at intervals 
for purine and phosphorus estimations. Maximal recovery was 
obtained by heating for 1 hour or less, longer treatment progres- 
sively yielding less purine. 

Precipitation of Purines with CuzO—Of the several reagents 
available for the precipitation of the purines, cuprous oxide in 
water suspension is superior to any other when HCOOH-HCI is 
used for hydrolysis. Under proper conditions Cu,O is sufficiently 
soluble to react with the purines rapidly, thus precluding the neces- 
sity of reducing cupric copper in the purine solution, as in the 
Kriiger-Schmidt method (6). This solubility is brought about by 
the presence of chlorides in slightly acid solution. Precipitation 
of cuprous chloride is prevented by sodium citrate which also 
buffers the solution at pH 5. Precipitation at pH 5 is quantitative 
for both guanine and adenine. 

This acidity has the further advantage of suppressing objection- 
able colloidal properties of cuprous oxide and the cuprous purine 
compounds which occur at higher alkalinity. Furthermore, the 
partial hydrolysis products do not interfere when the solution is 
maintained at pH 5. 

For complete and clean precipitation of the purines Cu,O sus- 
pension must be added to a hydrolysate containing chloride and 
citrate ions and ethyl alcohol, all in proper proportion at about 
pH 5. The ethyl alcohol functions as a solvent for the partial 
hydrolysis products of the HC]-HCOOH treatment, as well as an 
aid in centrifugation. 

Adsorption Characteristics—The inherent fault in all other 
procedures offered for purine estimation is their failure to consider 
the high adsorbability of the purines. This is so pronounced that 
dissolved purines should never be filtered from interfering solids. 
Only the reverse procedure can be used; 7.e., one must separate 
the purines only in the solid phase (cuprous oxide precipitate) from 
interfering substances in solution. Schmidt (5) removed partial 
hydrolysis products with tungstic acid prior to purine precipitation. 
Not only is the elaborate washing of the tungstic precipitate 
analytically inelegant but there is a strong probability of phos- 
photungstic acid formation in a solution containing both tungstic 
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and phosphoric acids. (The purine phosphotungstates are insolu- 
ble in slightly acid solution. ) 7 

Kriiger and Schmidt (6) recommended a reprecipitation after 
decomposing the cuprous purine precipitate with hydrogen sulfide, 
pointing out that the first precipitate contains much more nitrogen 
than does the second precipitate. But so tenaciously does purine 
adsorb on copper sulfide, that we lost as much as 90 per cent of 
it when 1 mg. of adenine nitrogen was merely filtered through cop- 
per sulfide whether in alkaline, neutral, or weakly acid solution. 

In our procedure it is often necessary to redissolve and reprecipi- 
tate in order to remove small amounts of melanin or other solid 
particles. Fortunately the acid-washed melanin does not adsorb 
the purines. If such filtration is attempted prior to the first pre- 
cipitation, considerable losses occur, but the reprecipitation pro- 
cedure discussed here protects against all adsorption loss. 

The essential point is to redissolve without increasing the solid 
phase. This is accomplished by oxidizing the cuprous ion by tri- 
chloroacetic acid in the presence of citrate ion. The melanin is 
filtered off and the trichloroacetic acid is decomposed by heating, 
first at pH 5 and then for a short time at pH 9. This alkaline 
heating completes the decomposition of the trichloroacetic acid 
and in addition destroys any cysteine which may have been pre- 
cipitated with the purines. The precise estimation of cystine by 
precipitation with Cu,O will be discussed in a later paper. The 
purines are then again precipitated with Cu,.O as at first, and 
the nitrogen in the precipitate finally estimated by the micro- 
Kjeldahl method. 

Reagents Required 

1. N HCl in 10 n HCOOH. 

2. 40 per cent NaOH. 

3. Citrate buffer, mM, pH 5. 

4. 10 per cent Cu,O suspension, aqueous. The Cu,0 should 
be prepared in the laboratory, as the commercial product (Kahl- 
baum’s) is not easily wetted, and hence does not react. The best 
procedure is to heat copper sulfate with glucose in the presence of 
sodium citrate in very strongly alkaline solution. Heating, and 
addition of glucose and alkali, are continued until the precipitated 
cuprous oxide is a very deep red and falls to the bottom of the 
container quickly when stirring is discontinued. Any interme- 
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diate modification of cuprous oxide as evidenced by a yellow or 
orange precipitate that tends to float or remain in suspension is 
useless for the purine precipitation. The product is washed by 
decantation and is finally filtered from suspension in hot water. 
Not more than 5 cc. of a 10 per cent water suspension of the 
cuprous oxide are necessary for one analysis. 

5. Solution reagent composed of 20 per cent CCl;COOH, 
citrate, 10 per cent NaCl, adjusted to pH 5. 

6. 3 N citric acid. 

7. 30 per cent H.Oy. 

8. 95 per cent ethyl alcohol. 

9. Reagent H.SQ,. 


Procedure 


A weighed sample of tissue containing about 0.5 mg. of purine 
nitrogen is dissolved in about 50 times its weight of n HCl + 10 Nn 
HCOOH by heating on the steam bath. Shaking with glass beads 
accelerates solution. When the substance has dissolved or there 
is no more danger of charring, the flask is heated over a flame under 
a reflux condenser for 1 hour. After cooling to room temperature, 
0.5 volume of 95 per cent ethyl alcohol is added and then a few 
drops of Congo red solution. Sufficient 40 per cent NaOH is 
added just to turn the Congo from blue to red, after which 0.1 
volume of citrate buffer is added. 1 cc. of the Cu,O suspension is 
added and the flask rotated. If the Cu,O dissolves completely 
more is added in 1 cc. quantities until some remains undissolved. 
The reflux condenser is then replaced and the flask (glass bead 
present) heated for 15 minutes. A brick-red precipitate settles 
and is separated by centrifugation. If there is no precipitate the 
solution is too acid or may require more Cu,O. If white salts 
separate out, the solution is too concentrated in chlorides or ci- 
trates; these, however, do not spoil the analysis if sufficient Cu,O 
is used, as they can be washed out of the precipitate. If the pre- 
cipitate is brown or yellow, the solution is too alkaline and should 
be acidified slightly with citric acid. The precipitate is twice 
washed in the centrifuge tube with 40 per cent ethyl alcohol and 
then with hot water. Washing should be continued until the 
washings are colorless, but the three washings usually suffice. 

The redissolution is accomplished on the water bath with mini- 
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mal quantities of the buffered trichloroacetic acid solution, of 
which 5 cc. are usually required. The solution and any undis- 
solved particles are transferred to a flask with the aid of water, 
and refluxed for 5 minutes to insure solution of the cuprous purine 
compound. This solution is then filtered by suction,? the filter 
being washed with dilute Na citrate solution and the filtrate again 
refluxed for 45 minutes, when sufficient NaOH is added to make 
the solution just alkaline to litmus. Heating is continued for 15 
minutes more, which insures decomposition of the CCl;COOH. 
With Congo red as the indicator citric acid is added dropwise to 


Fic. 1. Adapter for suction filtration 


bring the solution to about pH 5. This is followed by an equal 
volume of 95 per cent alcohol. 

The second precipitation is carried out in the same fashion as 
the first, but this precipitation may require more CuO. After 
centrifugation and washing, the red precipitate is dissolved by 
cautious addition of H.SO, and 30 per cent H,O.. The solution 
is transferred to a Kjeldahl flask and digested for the final nitrogen 
estimation by the Pregl method. 


2 A small Gooch crucible mounted in an adapter devised by Professor 
G. L. Foster is very convenient for this purpose, as well as for many other 
quantitative filtrations (Fig. 1). 
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A few of the results obtained by this procedure are given in 
Table III showing our success in meeting our criterion of recovery 
of 1 mg. samples of purine nitrogen in the presence of 1 gm. of 


foreign protein. 


TABLE III 
Results Obtained with Purine Procedure 
Purine 
Substance ana and substance Purine N calculated 
mixed sample found lated | found a. 
formu yieldt 
mg. mg. |per cent|per cent|per cent, per cent 
Adenine sulfate,* (C;H;N;)o-- | 1.403) 0.486) 34.64) 34.65 
albumin 
Guanine hydrochloride, * 1.362; 0.464; 34.07) 34.07 
C;H;N;O-HCl-H,O, + 1 gm. | 2.724) 0.922) 33.84 
casein 
Thymonucleic acidf 10.6 | 1.092) 10.85) 11.17; 9.63 | 9.60 
5.03 | 0.543} 10.80 9.56 
Yeast nucleic ‘ 11.84 | 1.250] 10.56) 10.74 9.29 | 9.35 
5.92 | 0.616) 10.40 9.20 
Thymonucleic ‘‘ ¢ + 1 gm. 10.06 | 1.109] 11.02) 11.17 9.63 | 9.75 
casein 5.03 | 0.548) 10.90 9.65 
Yeast nucleic acidj + 1 gm. egg 11.84 | 1.243) 10.50; 10.74 9.29 | 9.29 
albumin 5.93 | 0.618) 10.44 9.24 


* The purine salts were obtained from the 


SUMMARY 


Eastman Kodak Company. 
t The nucleic acids were kindly furnished by P. A. Levene. 
t Nucleic acid phosphorus = 0.885 X purine nitrogen. 


1. The problem of the estimation of the purines in protein has 
been investigated and a new procedure devised. 
2. Contributory evidence for the composition of thymonucleic 


acid and yeast nucleic acid has been obtained by analysis. 


We are very grateful to Professor B. P. Watson and Professor 
H. T. Clarke for their continued interest and advice in the prepa- 


ration of this manuscript. 
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OF THE PITUITARY 


By HELEN R. DOWNES anp LEAH RICHARDS 


(From the Chemical and Urological Laboratories of Memorial Hospital, 
New York) 
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The presence in the pituitary or closely adjoining tissues of a 
factor influencing the water balance of the body has long been 
recognized, although there is at present no evidence as to the exact 
location of the secreting cells. Desiccated posterior lobe and the 
obstetrical pituitrin made from posterior lobe have both been 
used to control diabetes insipidus, and a certain body of evidence 
has been adduced in support of the theory that the water balance 
hormone is identical with vasopressin, which is essentially a hor- 
mone of the posterior lobe (1). On the other hand, Zondek and 
Krohn (2) noted that certain crude extracts made by them from 
anterior lobe and pars intermedia of beef pituitaries showed an 
antidiuretic effect. In June, 1933, Sulzberger (3) reported that 
such extracts, though supposedly free of both vasopressin and 
oxytocin, were effective in some measure in controlling the water 
output of two of his cases of diabetes insipidus. Previously Fergu- 
son of this hospital, using the Zondek extracts in a case of xero- 
derma pigmentosum, had noted an antidiuretic effect, and it was 
at his suggestion that we have attempted to concentrate the anti- 
diuretic factor in the Zondek extracts. This seemed of value 
because pituitary preparations previously used to bring about 
antidiuresis had all been heavily contaminated with vasopressin 
or oxytocin or both, and the clinical effects of these, even though 
temporary, are distinctly unpleasant. Zondek claimed for his 
extracts complete freedom from vasopressin and oxytocin and, 
while this has proved not to be true, so much at least is true, that 
extracts made from anterior lobe and pars intermedia contain less 
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of these factors than those made from whole gland or from posterior 
- Jobe alone. The Zondek extract offered therefore a likely starting 
point for separation of the water balance hormone from vaso- 
pressin if the two were not identical. 

Zondek’s method of extraction was designed primarily to prepare 
a solution of a pigment hormone, called by him intermedin, which 
gives rise to a brilliant red color when injected into a German 
minnow (Phozinus lxzvis). As noted, his procedure was supposed 
to yield an extract free of vasopressin and oxytocin, the inactiva- 
tion of these factors being achieved by exposure to 1 per cent 
sodium hydroxide for 24 hours. We confirmed Sulzberger’s find- 
ing that extracts so prepared were active in the control of diabetes 
insipidus, but they proved to-contain a measurable amount of 
both vasopressin and oxytocin,! enough in fact to cause discomfort 
in a certain percentage of cases. At this point we found that we 
could, with no appreciable loss of the pigment hormone, increase 
the time of exposure to sodium hydroxide to as long as 6 to 7 days, 
and so get rid of the last traces of vasopressin and oxytocin. These 
solutions, however, proved to be inactive in controlling diabetes 
insipidus. ‘This opened again the question as to the identity of 
vasopressin and the antidiuretic factor, and made it clear that 
whatever this factor might be, it was not intermedin. 

At this point it was necessary to develop a method of testing 
experimentally the antidiuretic potency of extracts. The method 
has been briefly reported by Ferguson (4). It would seem that 
animals in which an experimental diabetes insipidus had been in- 
duced were the ideal test objects, but we decided against this 
method for two reasons. In the first place, the result of the opera- 
tion by which this condition is brought about is likely in a prohibi- 
tively high proportion of the cases to be negative. Furthermore, 
not knowing the possible cumulative effect of the injection of 
hypopkyseal extracts, we would have had, even after we had col- 
lected a suitable number of animals with experimental dialetes 
insipidus, a group of animals with a constantly changing clinical 
picture. For assay it seemed preferable to use a normal animal 


1 All the tests herein reported for vasopressin and for oxytocin have 
been made through the courtesy of Dr. Morrell in the laboratory of E. R. 
Squibb and Sons. The authors take this opportunity of expressing their 
indebtedness. 
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and to measure the response of its tissues to the presence of the 
active substance, each animal being used so few times that it was 
unnecessary to consider possible cumulative effect. 

The biological assay has been based on that published by Gibbs 
(5) in 1930, in which adult male mice are used. Twenty mice, 
divided into two sets of ten control and ten experimental mice 
each, are used for one test. A physiological diuresis is brought 
about by an intraperitoneal injection of sterile distilled water. 
The substance to be tested is injected subcutaneously on the oppo- 
site side of the animal. All of the mice are weighed on the day of 
injection and each control set of ten matched to the weight of the 
experimental group within a total of 5 gm. After the mice have 
been injected, a total dose of 1 cc. of fluid to each mouse, they are 
put into a coarse mesh cage, one set of ten to a cage. This fits 
into a glass funnel, from which the urine is collected in small jars 
and measured by drawing up into a syringe. Feces are screened 
out by a small circle of fine wire mesh in the funnel. The mice 
are kept on a standard dried meal diet with access to fresh drinking 
water at all times. 30 minutes before injection, the water is 
removed and for 30 minutes after injection the urine is not col- 
lected. Thus the residual urine is almost entirely eliminated 
before the collections are begun. After the cage is placed in the 
funnel, the urine is collected and measured once an hour for 3 
hours. Observations at the end of 4 and 5 hour periods in the 
control groups have shown that almost the entire amount of water 
has been passed by the end of the 3rd hour. 

The experimental animals receive the injections of substance to 
be tested in doses of 0.01 of their own weight. Thus / mouse unit 
of antidiuretic substance -is that amount which will bring about an 
antidiuresis per 100 gm. of mouse for 3 hours. To allow for the 
inevitable variation in biological material, we consider that anti- 
diuresis may be defined as retention by the experimental animals 
of 80 to 100 per cent of the output of the control animals. 

Table I gives a comparison of the volume of water excreted when 
both control and experimental sets were injected with equal 
amounts (10 cc.) of water. In three cases, Groups G, M, and F, 
the injections were repeated on the same animals on the following 
day. It is clear that the conditions of the experiment—tempera- 
ture, humidity, physical disturbances in the animal room, etc.— 
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play a greater part in determining the urine output than do the 
inherent physiological factors in the animals themselves, since the 
total volume for each set may vary from day to day far more than 
the output of the two sets on the same day. The animals used in 
this series had all been used previously for assay, so that all the 
so called experimental animals had had one or more injections of 
potent antidiuretic extracts. It is of interest to note, therefore, 
that there is no evidence of a cumulative effect of this particular 
hormone, since the larger volume of urine is excreted sometimes 
by the control and sometimes by the experimental animals. 


TABLE 


Comparison of Volumes of Urine Excreted by Groups of Ten Mice Injected 
Intraperitoneally with 1 Cc. of Water Each 


Controls Experimental mice 
Group 
Group weights Urine excreted Group weights Urine excreted 

gm. ce. gm. ce 
G 198.9 2.3 196.9 2.2 
- 198.9 5.9 196.9 5.6 
I 202.7 5.1 202.7 6.9 
M 171.0 6.9 173.0 4.1 
171.0 5.6 173.0 5.3 
B 245.5 6.7 245.7 4.5 
N 208.9 6.6 206.1 7.2 
O 209.4 7.0 208 .9 5.0 
F 248 .3 5.5 248 .2 5.6 
248 .3 2.3 248 .2 3.9 
R 205 .0 3.9 206.1 3.3 


The assays of active extracts reported in this paper have been 
made always on two groups of twenty mice, each divided into an 
experimental set of ten and a control set of ten, and if the anti- 
diuresis has not been clearly 80 per cent or more in both groups, or 
if the two groups have not checked, the assay has been repeated 
with a third and fourth group, again made simultaneously. The 
mice are not used more than once in 7 days, and are discarded 
after being used from three to five times. In_all the later experi- 
ments the two sets of ten mice in each group alternate as control 
and experimental animals. 
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Using this test as a measure of potency, we have prepared ex- 
tracts which are pale yellow and water-clear, which contain 5 to 6 
mg. per cc. of solid material, yielding about 1 mg. per ce. of ash, 
which are about 10 times as strong in antidiuretic power as the 
original acid extract from which they are made, and which contain 
no vasopressin and almost no oxytocin. The essentially new steps 
in the procedure are (1) dialysis for 18 to 20 hours, against distilled 
water, the collodion sack holding back a good deal of the inactive 
protein material, and (2) precipitation with acetone of more inert 
material from the partially purified solution. Extracts of about 
the same antidiuretic potency can be made by the Zondek method, 
but such extracts contain 29 to 30 mg. of solid material per cc., 
against 5 to 6 mg. in our extracts, and show besides both oxytocic 
and vasopressor effects. Furthermore, we obtain by our method 
100 cc. of 7 to 8 unit extract from 20 gm. of dry gland, while the 
Zondek method yields but 25 ec. of extract of this strength. 


EXPERIMENTAL 


Method of Preparation—The glands are frozen immediately after 
removal and brought in this condition to the laboratory, where 
they are put into acetone. Drying of the glands is completed by 
two or three changes of acetone, and the anterior lobes are then 
dissected free of pars intermedia and posterior Jobe. After drying 
in air, the anterior lobes are extracted three times with 10 times 
their weight of boiling 0.25 per cent acetic acid. The cooled, 
cloudy acid extract is then measured in 25 cc. lots into a series of 
50 ee. collodion sacks and allowed to dialyze for 18 to 20 hours, 
each sack against 250 cc. of distilled water. This results in com- 
plete dialysis of the antidiuretic factor, and in separating it from 
almost 60 per cent of the solid material (Table III). The water- 
clear dialysate is then concentrated by evaporation over a free 
flame to one-tenth the volume of the original acid extract, and this 
concentrated solution (Solution A) is poured slowly with stirring 
into 4 volumes of acetone. A curdy white precipitate settles 
slowly and, after the solution has stood overnight at 3-4°, most 
of the supernatant liquid can be removed by siphon. The rest 
is separated from the precipitate in the centrifuge. The water- 
acetone solution is evaporated, first from a distilling flask to recover 
as much of the acetone as possible, and then from a water bath, 
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until its volume is about one-fifth that of solution A. At this 
point it is free of acetone, and is made up to a volume equal to 2.5 
times that of Solution A or one-fourth that of the original acid 
extract. The resulting extract contains only 20 per cent of the 
solid material originally dissolved and gives no test for vasopressin. 
It gives no precipitate with picric acid, sulfosalicylic acid, or 10 
per cent trichloroacetic acid, but does give a faint cloudiness with 
both potassium mercuric iodide and with tungstic acid. Solutions 
so prepared from anterior lobes have consistently shown a con- 
centration of antidiuretic factor of from 6 to 8 mouse units per cc. 
Table II gives the results of the tests on a typical series of acid 
extracts, dialysates, and extracts after acetone precipitation. It 
is of interest to note that although no acid extract has ever assayed 
as high as 1 mouse unit, the extracts made from them, involving 
only a 4-fold concentration of the solution, run as high as 7 to 8 
mouse units. This would seem to indicate a separation of our 
antidiuretic factor from some inhibiting factor or some specifically 
diuretic substance in the original acid extract. Since our assays 
are made with progressive dilutions to determine the maximum 
dilution which will yield a given antidiuresis, the explanation 
cannot be the existence of a threshold value, below which there 
is no effect. 

Separation of Antidiuretic Substance from Other Hormones—We 
have been chiefly concerned to separate the antidiuretic factor 
from the two contaminants which are known to cause discomfort, 
vasopressin and oxytocin. ‘The data in regard to the concentra- 
tion of these two factors in anterior lobe extracts have been brought 
together in Table III. It will be noted that after acetone precipi- 
tation, the extract contains no measurable amount of vasopressin 
and that the concentration of oxytocin has been reduced by 90 
per cent and to the point where it has no clinical significance. 

As to the other hormones or factors of the anterior pituitary, 
the extract has been shown to be free of the gonad-stimulating and 
of the thyrotropic hormone, and to have been largely separated 
from intermedin. The gonad-stimulating hormone test was made 
according to the routine of this hospital on immature female mice. 
The test for the thyrotropic hormone was made on newts, hypo- 
physectomized 2 weeks previously. It has been shown (6) that 
the skin of newts so treated does not shed normally, but gradually 
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blackens and thickens, and that injection of small amounts of 
iodine or of anterior pituitary extract or of thyroxine will bring 


TABLE II 
Concentration of Antidiuretic Factor in Extracts of Anterior Lobe of Pituitary 


Urine excreted 


Solution Description Dilution _ | = 
Control 
ce. per cent 
KA Acid extract 6.6 60 
4.1 36 <1 
May 17 ssi 6.6 7 
6.6 23 <1 
D-9 Dialysate concen- 1:5 4.8 0.3 93 
trated to } vol- 6.4 0.6 91 6 
ume of acid ex- 1:6 6.5 2.2 68 
tract 5.2 0.9 83 6-7 
D-10 1:4 3.0 0.4 82 
2.2 0.0 100 5 
1:5 3.0 1.4 ot 
2.9 0.3 90 6(?) 
1:6 4.1 0.9 78 
0.3 0.0 100 7 
1:7 5.6 0.1 98 
7.2 2.3 68 7-8 
1:8 4.2 2.2 50 
5.8 2.7 54 8 
KD Dialysate after ace-| 1:4 5.6 0.0 100 
tone pptn.; vol- 4.5 0.0 100 5 
ume } of acid ex- 1:5 4.8 2.3 52 
tract : 5.6 1.3 77 5-6 
DA-13 1:5 4.0 0.3 93 
7.0 0.0 100 6 
1:6 5.2 0.3 94 
2.0 1.1 50 6-7 
1:7 5.8 1.1 80 
4.5 3.1 31 7-8 
5.4 0.8 85 
3.0 1.9 37 


about normal shedding in from 2 days to 3 weeks, depending on 


the concentration of the active factor. 


When this technique was 
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employed with two groups of six newts each, injection of our puri- 
fied extracts has not resulted in the sloughing of the accumulated 
layers of epidermis. They are therefore free of the thyrotropic 
hormone which is abundantly present in the original acid extract. 
The intermedin has been shown to remain in large part inside the 
sack during dialysis. 


TABLE III 
Comparison of Various Extracts of Anterior Loe 
2 Vasopressin 
3 2 | 2 (88! $3 2 
A Wig 5 5 
inter- 
gm gm. gm cc. | per cent 
Acid ex- 
tract 
(a) |0.0510.00741 <1 14 | 0.19 | Present 
0.5) 35 
(b) 0.05 0.1} 12 | 0.64 
Dialysate |0.10/0.0061 59 2 (0.2) 15 | 0.19 
concen- | 0.5) 25 
tration Brief 
x2 
DA-13 di- 81 7-8 None| 0.08 | Absent} Absent 
alysate | 
after 
acetone 


That the hormone has been separated from a good deal of pre- 
sumably inert material is also evident from a consideration of 
Table III. Reduced to terms of experiment, the figures for total 
solid in the third column mean that with 7 unit extracts an 80 to 
100 per cent antidiuresis is induced in normal mice by an injection 
of about 0.2 mg. of solid material per mouse. 

Concentration of Antidiuretic Factor in Various Divisions of the 
Gland—Since commercial preparations for the control of diabetes 
insipidus have been made chiefly from posterior lobe, it was of 
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interest to compare the concentration of the antidiuretic factor 
in anterior and posterior lobes and in the pars intermedia. In 
Table IV we report the results of these estimations, along with 
data on the concentration of vasopressin and of oxytocin in the 
same solutions. It is clear from Table IV that the antidiuretic 
factor is extracted in far greater concentration from the posterior 


TaBLeE IV 
Comparison of Various Parts of Pituitary Gland 
Vasopressin 
Dry 
Division | Solution | | Mood | weight 
solution|per kilo} pres- 


bod sure 
eight rise 


inter- 
gm. ce. | per cent|national| mouse units mg. 
units 
Anterior | Acid extract 0.05 | 0.1 12 | 0.64} <1: 
lobe Contents of dia- Slightly 
lyzing sack diu- 
retic 
Dialysate after | 0.20 | 0.4 | None} 0.08 7-8 6 
acetone 
Posterior | Acid extract 0.05 46 13 


0.1 3.1 
lobe Contents of dia- | 0.04*| 0.1 22 | 0.16 
lyzing sack 
Dialysate after | 0.20 | 0.1 24 | 6.6 90-100 | 56 
acetone 
Pars in- Acid extract 0.05 5 
termedia| Contents of dia- | 0.04*| 0.1 17 | 0.12 
lyzing sack 
Dialysate after | 0.20 | 0.1 15 | 1.3 45 
acetone : 


* Approximately. 


lobe and from the pars intermedia than it is from the anterior Jobe. 
Furthermore, the final solution made from the posterior lobe has 
10 times the antidiuretic potency of those made from the anterior 
lobe, without a correspondingly higher concentration of solid 
material. The activity of such solutions per mg. of dry weight is 
therefore extremely high. Unfortunately, so far we have not been 
able to rid these solutions of vasopressin and oxytocin, although 
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about three-fourths of the vasopressin has been removed, and one- 
half of the oxytocin. They are therefore not yet suitable for 
clinical use. Again, it is interesting to note that the concentration 
of the antidiuretic factor, both in extracts of the posterior lobe 
and of the pars intermedia, is far higher than one would expect 
from its concentration in the acid extract, allowing for the 4-fold 
concentration. Here, again, there seems to be quite definite evi- 
dence of removal of some diuretic factor. 

Work with the posterior lobe extract is being continued in the 
hope of separating the antidiuretic factor completely from vaso- 
pressin and oxytocin. 


SUMMARY 


A method has been described for preparing a potent antidiuretic 
extract from the anterior lobe of beef pituitaries, and it has been 
shown that an extract so prepared is free of vasopressin, of gonado- 
tropic, and of thyrotropic hormone, and very nearly free of oxy- 
tocin and of intermedin. 
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A CONTRIBUTION TO THE CHEMISTRY OF PEPPER 
PIGMENTS* 


THE RED PIGMENT IN THE PERFECTION PIMIENTO 
(CAPSICUM ANNUUM) 


By W. L. BROWN 


(From the Department of Chemistry, Georgia Agricultural Experiment 
Station, Experiment) 


(Received for publication, March 20, 1935) 


Zechmeister and von Cholnoky (1) were the first to show that 
the red pigment of the capsicum fruits was not a hydrocarbon. 
Their analyses indicated the formula C34H4303, which they called 
capsanthin. Later work (2) caused them to revise the formula to 
C3sH5003. Finally (3), by chromatographing the synthetic esters 
of capsanthin on CaCQs, they were able to isolate a purer prepara- 
tion which, on analysis, indicated a formula of C4oHssO3, thus 
placing capsanthin in the C4o series of polyene pigments. They 
(4) worked on Japanese chillies (Capsicum frutescens japonicum) 
also, and isolated a red pigment which corresponded with the 
capsanthin isolated from Hungarian paprika. 

While both the Perfection pimiento and the pepper used for the 
production of paprika in Hungary are generally considered to be 
varieties of Capsicum annuum, the pimiento fruit is quite different 
from that of the paprika. The pimiento fruit is ox heart and coni- 
cal in shape, is about 9 cm. long, 8 cm. in maximum diameter, and 
the shell is 4 to 8 mm. thick. There is no pungency in any part of 
this variety, as even the placenta and seed are free of capsaicin. 

So far as is known, the work of Zechmeister and von Cholnoky 
on capsanthin has not been confirmed by other investigators. The 
Perfection pimiento is a different type of pepper from that used in 
their studies. For these reasons, and because of the importance of 


* Published with the approval of the Director as paper No. 40, Journal 
Series. 
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the pimiento canning industry in the United States, it was thought 
advisable to isolate and examine the red pigment of the pimiento. 


EXPERIMENTAL 


Isolation of Pigment—The cores were removed from the pimi- 
entos, the shells were ground coarsely, washed, and pressed to 
remove part of the sugar which causes difficulty in drying. The 
press-cake was dried at 35° and ground. A capsanthin content of 
1.5 to 3.0 gm. per kilo has been found in various dried pimiento 
products, depending upon the ripeness and method of preparation 
and the length of the storage period. Washing and pressing before 
drying give a preparation of lower capsanthin content, but one 
which dries more readily and is not hygroscopic. The dried and 
ground product was stored at a temperature of 4° in bottles filled 
with nitrogen. 

In general, the more recent procedure given by Zechmeister and 
von Cholnoky (4) was used for the extraction, hydrolysis, and 
separation of capsanthin. All solvents used for recrystallization 
were redistilled in a current of nitrogen. Concentrations were 
carried out in vacuo in apparatus having ground-in connections. 
Preparations were kept in a desiccator by evacuating and allowing 
nitrogen to flow in, this being repeated to insure removal of oxygen. 
The desiccators were stored at 4° in the dark. Nitrogen was pre- 
ferred to CO, because of the greater ease with which it may be 
freed of oxygen. 

Purification for Analysis—All crude preparations were recrys- 
tallized twice from C&,, filtered at the pump, and washed with ice- 
cold ether while on the filter to remove tarry matter. Prepara- 
tions I and II were recrystallized from hot methanol and yielded 
fine brick-red crystals which melted at 173-174° (corrected). 
After washing with ice-cold ether, a preparation was partly dis- 
solved in hot methanol and filtered, the filtrate yielding on crystal- 
lization Preparation III, which had the same appearance and 
melting point as Preparations I and II. The undissolved residue 
obtained in preparing the solution for crystallizing Preparation III 
was dissolved in methanol, filtered, and allowed to crystallize. 
The beautiful lustrous blue-black crystals which separated on 
cooling were 1 to 2 mm. long and were clusters of thick, arched 
rods. This preparation (No. IV) had a melting point of 174—175° 
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(corrected) and amounted to about 25mg. The preparations were 
dried in vacuo over P.O; and paraffin shavings at 70° in an Abder- 
halden drying pistol before melting points were determined and 
analyses carried out. 

Crystal forms corresponded to those found by Zechmeister and 
von Cholnoky. Precipitating from ether with petroleum ether 
gave bent needles. MRecrystallizing from CS. gave crystals of a 
fir twig pattern. 

The crystals of Preparation IV were weighed out for analysis 
without being ground, which probably accounts for the variation 
in the analyses of this preparation. 


Preparation I—Found. C 79.99, H 9.91. 

Preparation IJ—Found. C 79.89, H 9.90. 

Preparation II]—Found. C 80.01, H 10.26. 

Preparation IV 

3.608 mg. substance: 10.760 mg. CO, and 3.141 mg. H.O 


CyoHss03. Calculated. C 81.84, H 9.97 
Found. “ $1.33, 81.61, “ 9.74, 9.99 


Preparation 1V is probably as pure a preparation of capsanthin 
as can be obtained in this manner. ' According to Zechmeister and 
von Cholnoky (3), the carbon content was 0.5 per cent too low in a 
preparation with only a trifling heterogeneity. They were able 
to improve this only by preparing the dicaprate, chromatographing 
its benzine solution, eluting the capsanthin dicaprate zone with 
benzine containing a little alcohol, hydrolyzing the dicaprate, and 
recovering the purified capsanthin. 

Solubility—At room temperature the purified pigment was 
fairly soluble in CHCl, ethanol, and methanol, less soluble in ether 
and benzene, difficultly soluble in CS., and almost insoluble in 
petroleum ether. It is much more soluble in the hot solvents. 

Absorption Spectrum—aA solution of 5 mg. of the pigment per 
liter of CS. in a 10 mm. cell exhibited absorption bands at 550 to 
532 and 513 to 493 mu. 


SUMMARY 


The characteristic red coloring matter of the Perfection pimiento 
has been isolated and examined. ‘The red pigment from the pimi- 
ento was found to be identical with capsanthin isolated from Hun- 
garian paprika. 


4 
4 
43 
. 
f 
ip 
| 
4 
ia 
~ 
¢ 


94 Pepper Pigments 


BIBLIOGRAPHY 


1. Zechmeister, L., and von Cholnoky, L., Ann. Chem., 454, 54 (1927). 
2. Zechmeister, L., and von Cholnoky, L., Ann. Chem., 487, 197 (1931). 
3. Zechmeister, L., and von Cholnoky, L., Ann. Chem., 609, 269 (1934). 
4. Zechmeister, L., and von Cholnoky, L., Ann. Chem., 489, 1 (1931). 


(I 


A MICROMETHOD FOR THE DETERMINATION OF 
SODIUM* 


By ANCEL P. WEINBACH 


(From the Biochemical Laboratory, School of Hygiene and Public Health, the 
Johns Hopkins University, Baltimore) 


(Received for publication, February 23, 1935) 


In view of the increasing importance of acid-base equilibrium 
and of the réle of the inorganic elements in the body economy, the 
accurate determination of sodium in the blood and body fluids 
becomes of increasing importance. Barber and Kolthoff (1) in 
1928 were the first to employ the triple salt, uranyl zinc sodium ace- 
tate, for the quantitative determination of sodium. They ascribed 
to this salt the composition (UO2)3ZnNa(CH;COO),-6H.2O, the 
amount of sodium in a weighed precipitate of this salt being 
0.01495 the weight of the precipitate. 

Butler and Tuthill (2) applied the gravimetric procedure of 
Barber and Kolthoff for the determination of sodium in biological 
material. For urine, they first precipitated the phosphate (which 
interferes with the gravimetric method by precipitating as insoluble 
uranyl phosphate) with calcium hydroxide, and they precipitated 
the protein with solid mercuric chloride. In their determination 
of sodium in blood serum they used 1 cc., digesting it first as in 
a micro-Kjeldah] method before proceeding with the gravimetric 
determination. 

These gravimetric methods give fairly good results, but the 
methods are tedious and require relatively large amounts of mate- 
rial. Salit (3) describes a modified procedure for the gravimetric 
determination of sodium in urine and feces, and a modified colori- 
metric method for whole blood or serum, in which but 0.5 ce. of 
serum is required or 0.2 ec. of whole blood. Salit’s modification 


* This work is part of adissertation submitted to the Board of University 
Studies of the Johns Hopkins University in partial fulfilment of the re- 
quirements for the degree of Doctor of Philosophy in Biochemistry. 
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consisted of precipitating the triple salt, uranyl zine sodium ace- 
tate, by the addition of alcohol, rather than by having the reagent 
saturated with the triple salt as in the original Barber-Kolthoff 
method. Salit’s colorimetric method is based on the red color 
which uranium salts give with potassium ferrocyanide. 

Using Salit’s modification of precipitating the uranyl]! zinc sodium 
acetate by the addition of.alcohol, we have developed a titrimetric 
method for the determination of sodium in 0.1 cc. of blood from the 
finger tip or 0.5 cc. of a 1:5 trichloroacetic acid protein-free serum 
or plasma filtrate or 1 ec. of a 1:10 trichloroacetic acid protein-free 
whole blood or cell filtrate. 


Principle 
The sodium is precipitated in alcoholic medium as the triple 
salt, uranyl zinc sodium acetate. Subsequently the salt is titrated 


with sodium hydroxide, with phenolphthalein as an indicator, the 
uranium and zine forming amphoteric hydroxides, as follows: 


(UO2);ZnNa(CH;COO), + 8NaOH — 3(UO,)(OH),. 
+ Zn(OH), + 9Na(CH;COO) 


Procedure 


For 0.1 Cc. of Serum or Whole Blood—With an accurate 0.1 ce. 
pipette collect 0.1 cc. of serum or whole blood and transfer it to 
1.5 ce. of water in a 15 cc. centrifuge tube. From a1 cc. graduated 
pipette add, with mixing, exactly 0.4 cc. of 20 per cent trichloro- 
acetic acid. Centrifuge and transfer 1 cc. of the clear supernatant 
fluid to another 15 ce. centrifuge tube. Add 5 ce. of the uranyl 
zine acetate reagent. From a1 cc. graduated pipette add 0.3 cc. 
of 95 per cent alcohol and let stand for 5 minutes. Again add 
0.3 cc. of alcohol and let stand for a few minutes. This procedure 
is repeated, without greatly disturbing the precipitate, until 2.1 ce. 
of alcohol have been added, the entire process of precipitation taking 
about 3 hour. Centrifuge, decant, drain on a pad of filter paper, 
and wipe the mouth of the tube with acloth. Wash the precipitate 
once by blowing in 10 cc. of acetone wash reagent; centrifuge, 
decant, drain on a pad of filter paper, and wipe the mouth of the 
tube. 

The precipitate, which is readily soluble in water, is then trans- 
ferred quantitatively to a 100 cc. Erlenmeyer flask by blowing in 
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three or four 5 cc. portions of water. Add approximately 50 cc. of 
water and 0.5 cc. of 1 per cent phenolphthalein solution and titrate 
with 0.02 n NaOH to a just barely perceptible pink, with a micro- 
burette graduated in 0.02 cc. 

A blank should be run to determine the amount of 0.02 n NaOH 
which will Just give the end-point with distilled water. 

If sufficient serum, plasma, whole blood, or cells is available, 
protein-free filtrates may be prepared on which sodium, potassium, 
magnesium, and phosphorus may be determined. These filtrates 
are prepared as follows: 

Serum or Plasma—1 volume of serum or plasma is added to 3 
volumes of water in a small flask. Add with shaking 1 volume of 
20 per cent trichloroacetic acid, mix well, let stand 10 minutes, and 
filter through ashless filter paper. 

Whole Blood or Cells—1 volume of whole blood or cells is added 
to 7 volumes of water in a small flask. Shake and let stand a few 
minutes till hemolysis is complete. Add rapidly, with shaking, 2 
volumes of 20 per cent trichloroacetic acid. Mix well, let stand 
for 10 minutes, and filter through ashless filter paper. 

Determine sodium, as described, on 0.5 cc. of the serum or 
plasma filtrate, 1 ce. of whole blood filtrate, and 1 or 2 cc. of cell 
filtrate. Determine sodium on 0.5 cc. of standard sodium solution 
to facilitate determining the end-point. 

Calculation—From the equation for the reaction of the uranyl 
zinc sodium acetate with sodium hydroxide it is seen that 
Na = 8NaOH. Then the weight of sodium in the sample taken 
would be given by the equation: Na in sample = (equivalents of 
NaOH) (23/8) X 1000 = (ce. of 0.02 n NaOH required —cc. of 
0.02 n NaOH for blank) (0.00002) (23/8) XK 1000 mg. 

If 0.1 ec. of serum or plasma was used, the mg. of sodium found 
times 2000 would give mg. of sodium per 100 cc.; the equation 
reduces to: (actual ce. of 0.02 n NaOH) X 115 = mg. of sodium 
per 100 ce. 

If 0.5 ec. of the 1:5 filtrate or 1 cc. of the 1:10 filtrate was used, 
the mg. of sodium found times 1000 would give mg. of sodium per 
100 cc.; the equation reduces to: (actual cc. of 0.02 n NaOH) X 
57.5 = mg. of sodium per 100 cc. 

Reagents 

1. Urany] zine acetate reagent. Solution A: 77 gm. of urany] 
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acetate, UO.(CH;COO),-2H.O, and 14 ce. of glacial acetic acid 
are dissolved by gentle heating and stirring in about 400 cc. of 
water and diluted to 500 cc. in a volumetric flask. Solution B: 
231 gm. of zine acetate, Zn(CH3;COO),.-3H,0, and 7 cc. of glacial 
acetic acid are dissolved by gentle heating and stirring in about 
~ 400 ec. of water and diluted to 500 cc. in a volumetric flask. The 
two solutions are mixed while hot, allowed to stand 24 hours or 
longer, and filtered. 

2. Acetone wash reagent. A small amount of the triple salt, 
uranyl zine sodium acetate, is prepared by adding 15 cc. of the 
uranyl zinc acetate reagent to 1 cc. of an approximately 5 per cent 
solution of sodium chloride with subsequent addition of about 


TABLE I[ 
Results on Known Solutions 


Experiment No. Na in unknown solutions Na content determined 
mg. per cent mg. per cent 

1 393 393 

2 Distilled water 0 

3 157.2 156.8 
4 235.8 236.1 
5 864.6 864 .0 
6 786 .0 785 .0 
7 Distilled water + potassium phos- 3.0 

phate (no Na) 


5 cc. of 95 per cent alcohol in small portions. Filter with suction 
and wash the precipitate with four or five small portions of 95 per 
cent alcohol and then with four or five small portions of ether, 
sucking dry after each addition of alcohol or ether. Add this 
amount of triple salt to a liter of acetone, shake, let stand over- 
night, and filter. 

3. Standard sodium soluticn. Exactly 1 gm. of sodium chloride 
is dissolved in water and made up to a liter in a volumetric flask. 
Each ce. of this solution contains 0.393 mg. of sodium and 0.5 ce. 
is equivalent to exactly 3.42 cc. of 0.02 n NaOH. 


DISCUSSION 


The method described is applicable to the determination of 
sodium in blood, urine, or feces. Even relatively large amounts 
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of phosphate as are found in urine do not interfere with the deter- 
mination, although the phosphate precipitates the uranium from 
the reagent as uranyl phosphate. The uranyl phosphate is 
insoluble in water and in the subsequent titration with sodium 
hydroxide there is no reaction with the uranium which has been 
precipitated as the phosphate. In determining the sodium con- 
tent of urine, the urine is first wet ashed with nitric acid on the 
water bath or in an oven at a temperature of about 98°; for feces, 
dry ashing in a muffle is necessary. 

As the reaction of sodium hydroxide and uranyl] zine sodium 
acetate is entirely stoichiometric, all ranges of sodium content 
may be determined by this method. Unknown solutions of sodium 
content known only to a disinterested third party were made up, 
and the sodium content determined. Table I gives the known 
sodium content of the solutions and the results as found with this 
method. 


SUMMARY 


A micromethod for the determination of sodium in 0.1 cc. of 
serum, plasma, or whole blood, or 0.5 cc. of a 1:5 trichloroacetic 
acid serum or plasma protein-fves filtrate, or 1 cc. of a 1:10 tri- 
chloroacetic acid whole blood or cell protein-free filtrate, is de- 
scribed. The method may be adapted to the determination of 
sodium on other biological material, such as urine or feces. 

The method is based on the precipitation of sodium in alcoholic 
medium, as the triple salt, uranyl zinc sodium acetate; subse- 
quently, the precipitate, which is entirely soluble in water, is 
titrated with sodium hydroxide, the reaction depending on the 
formation of the amphoteric hydroxides of uranium and zinc. 
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SYNERGISTIC ACTION OF MILK AND MUSCLE OXIDASES 


By DAVID I. MACHT anp HILAH F. BRYAN 


(From the Pharmacological Research Laboratory, Hynson, Westcott and 
Dunning, Inc., Baltimore, and the Department of Physiology, 
Yeshiva College, New York) 


(Received for publication, April 3, 1935) 


The authors have been studying the activity of muscle oxidases 
under various conditions and the effect of various chemicals on such 
enzymatic activity by the Thunberg method of decolorizing solu- 
tions of methylthionine chloride or methylene blue. Muscle 
tissue was obtained from various animals and suspensions were 
prepared by a method described below. In the course of these 
investigations a curious phenomenon was noted. Experiments 
were made on the oxidative properties of fresh and pasteurized 
milk; and it was found that all specimens of milk were very poor 
in enzymes which reduced methylene blue solutions only after a 
period of from 12 to 36 hours. When, however, a small quantity 
of milk was added to suspensions of muscle tissue, a remarkable 
acceleration in the oxidative activity of the muscle enzymes was 
noted. This interesting observation was the starting-point of an 
extensive research, the results of which are here described. 


Technique Employed 


The majority of the experiments was made with muscle suspen- 
sions freshly prepared from adult white rats immediately after 
killing. In addition, other experiments were made with muscle 
suspensions or Juices from the ox, chicken, rat, rabbit, frog, gold- 
fish, and pike. Carefully dissected lean muscle tissue of a given 
weight was minced with sharp scissors. 1 cc. of physiological 
sodium chloride solution for each gm. of muscle was added and the 
mixture was ground up with fine clean sand in a mortar for half 
an hour, when a smooth homogeneous paste was obtained. The 
mass was then strained through fine linen and in this way was 
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prepared a uniform suspension of finely divided muscle particles 
in a mixture of muscle juice and physiological saline, which could 
be measured in any desired quantity with a glass pipette. 1 cc. 
of suspension is introduced into a Thunberg tube (Fig. 1) and to 
this are added 2 cc. of indicator solution, consisting of 8 parts of 
methylene blue, 1:2000, and 6 parts of 0.1 M solution of acid potas- 
sium phosphate. The air is exhausted from the Thunberg tube 
with a Cenco-Hyvac vacuum pump until the pressure within is 
less than 10 mm. and the solution begins to boil when the tube is 
held in the warm hand. It is then placed in a water bath at 38°, 
and the time required for complete decolorization of the solution is 


Fic. 1. Illustration of the Thunberg tube used in the decolorization 
experiments. | 


carefully measured. Surprisingly concordant results are obtained 
with a series of Thunberg tubes containing samples of the same 
muscle suspension, provided that the vacuum made in each tube is 
carefully maintained. This can be accomplished by using care- 
fully ground stoppers lubricated with a special grease containing 
a small percentage of gutta-percha. By following the procedure 
described above the authors found that 1 cc. of freshly prepared 
muscle suspension from large white rats, killed by arteriotomy or 
cutting the vessels of the throat under light ether anesthesia, 
usually decolorized 2 cc. of the Thunberg solution in from 60 to 
70 minutes. Other muscle extracts studied required a longer time 
to decolorize the indicator solution, depending on the freshness of 
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TABLE I 
Decolorization Results with Milk and Muscle Extracts, Individually and in 
Combination 
“ment Suspension tested in Thunberg tube aan 
oO. 
I 1 cc. rat muscle + 1 cc. saline 84 min. 
0.2 ec. milk + 0.8 cc. saline * 
2 “ fresh milk 18 hs. 
II 1 ‘* rat muscle (after electrocution) + l cc. saline} 49 min. 
1 sé sé 1 milk 32 
2 ‘* pasteurized milk 28 hrs. 
III 2 ‘* rat muscle (after ether) + 1 cc. saline 30 min. 
2 ‘* pasteurized milk 28 hrs. 
IV 1 ‘‘ rat muscle 66 min. 
* 0.08 ec. milk 
2 ‘* unpasteurized milk 20 hrs. 
V 2 “* rat muscle 57 min. 
2 ‘* unpasteurized milk 18 hrs. 
VI 2 ‘* rat muscle + 2 cc. saline 30 min. 
2 “ unpasteurized milk 24 hrs. 
VII | 2 “ pasteurized milk 
2 fresh unpasteurized milk 
VIII | 2 ** rat muscle 42 min. 
+ 0.2 ee. milk 
2 ** milk + 0.2 ec. rat muscle 5 hrs. 
2 6é 24 sé 
1X 2 36 
2 ‘* rat muscle 57 min. 
0.5 ec. rat muscle +2 “ “ 
0.3 « + Q 2 hrs. 
X 2 ec. sour milk Raat 
2 ‘** beef muscle 
+ 0.2 ec. milk 73 min. 
Q « + 0.1 145 6 
XI 2 ** chicken muscle 12 hrs. 
2 “ fresh milk — 
2 ** chicken muscle + 0.2 cc. milk a 
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TaBLE I—Concluded 


“ment Suspension tested in Thunberg tube 
XII | 2cc. fish (pike) muscle 3. hrs. 
2 “ milk 
2 “* fish muscle + 0.2 cc. milk 63 min. 
XIII | 2 ** rabbit muscle 6 hrs. 
2 fresh milk 
2 ‘** rabbit muscle + 0.2 cc. milk ie 
XIV | 2 “ cat muscle Ee 
2 fresh milk 
2 “* cat muscle + 0.2 cc. milk = 
XV 2 frog muscle 
2 milk 
2 ‘** frog muscle + 0.2 cc. milk is 
XVI | 2 ‘ muscle of goldfish (Carassius auratus) 4z ‘ 
2 milk 
2 “ goldfish muscle + 0.2 cc. milk 54 min. 
0.2 cc. goldfish muscle + 2‘ “ 4 hrs. 


the muscle and species of animal from which it was obtained. The 
time required by milk for decolorization of the methylene blue 
varied from 12 to 36 hours. Fresh milk acted a little more rapidly 
than pasteurized milk. 


Results 


The results obtained with milk and muscle extracts, individually 
and in combination, are well illustrated by the data in Table I. 


DISCUSSION 


It will be noted that, in general, muscle suspensions were much 
more active than any of the milk specimens used. Fresh muscle 
extract acted more rapidly than extracts over a day old and for 
this reason preparations of beef, chicken, rabbit, and cat muscle 
were not as active as those obtained from the rats. The most 
interesting data, however, were obtained with combinations of 
muscle’ juice and milk. It was found that even a fraction of a cc. 
of milk, added to 1 cc. of muscle suspension, greatly accelerated 
the reduction of methylene blue. Thus, 0.1 cc. of milk, added to 
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1 cc. of muscle suspension, produced a markedly synergistic effect. 
The limit of such potentiation was reached when 1 part of milk 
was added to 60 parts of muscle juice. Similar synergistic phe- 
nomena were noted in experiments with other muscle preparations, 
although the reaction proceeded more slowly with the chicken 
meat and fish muscle than it did with rat muscle. Similar syner- 
gistic phenomena were observed when small quantities of muscle 
juice were added to large quantities of milk. 

The authors have no explanation to offer for this mysterious 
phenomenon. From the pharmacological point of view, however, 
this potentiation of muscle oxidase by milk is not altogether novel 
or surprising because pharmacologists have found that such syner- 
gistic and antagonistic phenomena are very common when two or 
more drugs or chemicals are combined. 


SUMMARY 


1. Studies on the oxidative properties of muscle suspensions and 
milk, separately and in combination with each other, were made 
by Thunberg’s method of decolorizing methylene blue solutions. 

2. The oxidative action of muscle is much greater than that of 
milk. 

3. Small quantities of milk, added to muscle juice, greatly po- 
tentiate the activity of muscle oxidase; and, vice versa, small 
quantities of muscle juice, added to large quantities of milk, also 
produce synergistic phenomena. 

4. These synergistic effects are similar to the phenomena noted 
by pharmacologists when two or more drugs are combined. 


43 
a 
PA 
4 
§ 
; 
1 
% 
rt 
i. 
iF 
is 
‘ 
“4 
a 
as 


THE EFFECT OF EXERCISE ON THE EXCRETION 
OF URIC ACID 


WITH A NOTE ON THE INFLUENCE OF BENZOIC ACID ON URIC 
ACID ELIMINATION IN LIVER DISEASES 


By ARMAND J. QUICK 


(From the Department of Surgery, Fifth Avenue Hospital, and the 
Department of Biochemistry, Marquette University School of 
Medicine, Milwaukee) 


(Received for publication, April 4, 1935) 


No satisfactory explanation has been offered for the uricacidemia 
which is apt to occur in such clinical conditions as eclampsia, 
chloroform poisoning, cardiac failure, and pneumonia, but in- 
terestingly in these same conditions an elevation of the lactic acid 
of the blood is not uncommon (1). In view of the fact that in- 
gested lactic acid causes a temporary decrease in the excretion of 
uric acid as Gibson and Doisy (2), and the writer (3) have observed, 
the possibility exists that accumulation of lactic acid in the body 
may be one of the causes for uric acid retention. As a means of 
testing whether excessive production of lactic acid can influence 
the excretion of uric acid, the effect of strenuous exercise was 
studied. 


EXPERIMENTAL 


All experiments were carried out during the morning, since the 
hourly excretion of uric acid during this period under standardized 
conditions is fairly constant. Strenuous exercise consisted mainly 
of jumping and running to the extent of mild exhaustion and 
breathlessness. The analytical methods were the same as those 
previously used (3). 


DISCUSSION 


Strenuous exercise produced a marked drop in the excretion of 
uric acid as seen in Table I. A similar decrease was observed by 
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Burian (4), Kennaway (5), Hartmann (6), and Lucke (7). 


Uric Acid Excretion and Lactic Acid 


All 


failed to offer any definite explanation except Burian, who at- 


TABLE I 


Excretion of Uric Acid during Rest, and Mild and Strenuous Exercise 


Rest Walking* Brisk walkingt 
cc. | mg.| mg.| ce. mg. | mg.| ce. mg. | mg. 
9.00 -10.00 a.m. 33 |26.7| 59 | 39 | 22.4) 57 | 27 | 25.7) 54 
10.00 -11.00 ‘ 1521/25.0) 60 | 63 | 24.6) 60 | 46 | 27.6) 62 
11.00 a.m.-12.00 m. 235 (26.0) 59 | 58 | 23.5) 52 | 61 | 27.2) 52 
12.00 m. - 1.00 p.m. 34 | 22.1] 52} 58 | 29.0] 55 
| Brisk walkingt | Strenuous exercise | Strenuous exercise 
9.00 -10.00 a.m 42 (26.6 31 | 21.7) 54 |} 22 | 24.0) 62 
10.00 -11.00 183 (26.1 23 | 12.7| 55 | 16 | 10.3) 59 
11.00 a.m.-12.00 m 75 |24.8 32 | 22.7; 55 | 29 | 22.0) 60 
12.00 m. - 1.00 p.m 30 | 26.0} 50 
Acetoacetic acid§ | 
Strenuous 
and Strenuous exercise|| 
9.00 -10.00 a.m 42 (27.5 24 | 24.8 29 | 30.0) 58 
10.00 -11.00 ‘ 27 |13.8 17 8.2 20 | 17.3) 59 
11.00 a.m.-12.00 m. 43 {21.5 40 | 22.2 24 | 24.0) 57 
12.00 m. — 1.00 p.m. 76 {23.0 42 | 26.2 


Exercise carried out from 10.00 to 11.00 a.m. 
* Walking 3 miles per hour. 
t Walking 4 miles per hour. 
t Diuresis produced by drinking 500 cc. of water. 
§ 10 gm. of acetoacetic acid (sodium salt) ingested at 10.00 a.m. 

|| Before exercise: uric acid, 2.5 mg.; non-protein nitrogen, 35.3 mg.; 


lactic acid, 6.8 mg. per 100 cc. of blood. After exercise: uric acid, 2.7 mg.; 
non-protein nitrogen, 34.1 mg.; lactic acid, 28.4 mg. per 100 cc. of blood. 


tributed the decrease to the diminished volume of urine. This 
explanation does not appear to be valid, for it has been repeatedly 
found that the excretion of uric acid is practically independent of 
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urine volume. Even increasing the volume 7-fold failed to increase 
the output of uric acid in the first experiment of Table I. It will 
be further observed that the drop in uric acid output during exer- 
cise is always greater than the decrease in the volume of urine. 
Further evidence that exercise causes a retention of uric acid is 
contributed by Lucke (7), Levine, Gordon, and Derick (8), and 
Rakestraw (9), who studied the blood and found an elevation of 
the uric acid after exercise. Curiously, Rakestraw found that 
although there was an increase in whole blood, the uric acid of the 
corpuscles showed a slight decrease. In view of the fact that the 
combined uric acid is present only in the corpuscles, this observa- 
tion may perhaps be significant. It will be observed in Table I 
that when acetoacetic acid is administered before the exercise, the 
drop in uric acid excretion is more precipitous than with exercise 
alone, thus suggesting a definite summation of effects. The creat- 
inine excretion during vigorous exercise was found to remain con- 
stant. Schulz (10) and Ejichelberger (11) have reported an in- 
creased output of creatinine during exercise. In the present study, 
only in mild exercise such as walking was there a slight stimulation 
of creatinine output. Significantly, mild exercise does not appear 
to influence the excretion of uric acid, which is interesting since 
Cook and Hurst (12) have recently reported that walking even 
at the rate of 44 miles per hour for 30 minutes did not increase the 
lactic acid concentration of the blood. This suggests that an 
oxygen deficit must occur before lactic acid accumulates and 
presumably a retention of uric acid becomes manifest. 

In the last experiment of Table I it can be seen that a definite 
increase in the lactic acid of the blood occurs during an hour of 
exercise which was considered strenuous. Simultaneously, there 
was a small but definite rise in the blood uric acid together with a 
marked drop in the hourly excretion. Since ingested lactic acid 
can decrease the output of uric acid, the most probable explana- 
tion for the retention during vigorous exercise is the excessive pro- 
duction of lactic acid; though direct evidence for this conclusion 
is still lacking. The question how lactic acid affects uric acid 
excretion is difficult to answer because little is known concerning 
the mechanism whereby uric acid is eliminated. Unlike that of 
the other common urinary constituents, the excretion of uric acid 
is specifically influenced by a variety of agents, which the writer has 
previously discussed. 
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Neither lactic acid nor strenuous exercise seems to affect kidney 
function, as demonstrated by the constant rate of creatinine excre- 
tion and the absence of a rise in the non-protein nitrogen of the 
blood. It seems rather unlikely that the retention of uric acid 
can be attributed to a specific inhibitory effect of lactic acid on 
kidney function. It appears more probable that the retention is 
in some manner linked with the metabolism of lactic acid and that 
the liver is a factor to be considered. 


TABLE II 
Effect of Benzoic Acid on Excretion of Uric Acid in Liver Diseases 
Uric acid excretion 
Diagnosis in terms of of 
thr. | 2hrs.| 3 hrs. | 4hrse, | Penzoje | normalt 
mg mg mg mg. qm. 
7.4; 8.2) 15.8} 16.7] 2.94 98 
Common duct obstruction....| 25.8 | 16.3 | 20.9 | 21.6 3.16 105 
Cardiac failure...............| 13.2 | 10.3 | 11.2 | 28.0 2.93 98 
Carcinoma of colon with me- 
tastasis to liver............ 10.0 | 4.1) 3.2 1.34 45 
Catarrhal jaundice...........| 23.4 | 12.3 | 13.0 | 11.9 1.88 63 
Acute hepatitis.............. 34.8 | 10.9}; 7.5; 0.52 17 
Atrophic cirrhosis............| 9.8| 3.0| 3.0] 3.3 1.10 37 


* In 4 hours after the ingestion of 6 gm. of sodium benzoate. 
+t Based on a norma! excretion of 3 gm. of benzoic acid as hippuric acid in 


4 hours. 


Studies of the effect of aromatic acids on uric acid elimination 
also suggest that the liver plays a part in the excretory process. 
Ingestion of benzoic acid will inhibit the excretion of uric acid 
as Lewis and Karr (13), Swanson (14), and the author (15) have 
found, but this drug will not cause retention of any other common 
constituent of the urine. Experimental evidence indicates that 
in man the conjugation of benzoic acid is primarily dependent on 
the liver, and that in various hepatic diseases the production of 
hippuric acid is greatly diminished (16). The normal adult will 
excrete approximately 3 gm. of benzoic acid as hippuric acid in 4 
hours following the ingestion of 6 gm. of sodium benzoate, but 
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patients with impaired livers may have a greatly diminished out- 
put. In these patients with damaged livers the period of uric acid 
retention following the taking of sodium benzoate is invariably 
prolonged, but the severity of the retention does not run parallel 
with the diminished output of hippuric acid, as seen in Table II. 
The significance of this discrepancy cannot yet be evaluated, but 
eventually it is hoped that such data will be useful in increasing 
the clinical value of the hippuric acid test. It is interesting to note 
that in the severe case of hepatitis in which the output of hippuric 
acid was only 17 per cent of normal, the uric acid excretion dropped 
to approximately 8 mg. per hour, whereas in another case with 
atrophic cirrhosis, in which the hippuric acid production was 37 
per cent of normal, the hourly excretion of uric acid was only 3 mg. 
Many more data are necessary before one can attempt to correlate 
these results, but it seems fairly evident that the liver must be 
concerned with the excretion of uric acid; otherwise liver damage 
should not intensify the depressing action of benzoic acid on uric 
acid output. 

Both lactic acid and benzoic acid can diminish the excretion of 
uric acid; theoretically, therefore, they may be factors in the patho- 
logical retention of uric acid. Whether the increased blood uric 
acid in eclampsia and chloroform poisoning is the result of an 
accumulation of lactic acid or a disturbance of its metabolism due 
to liver damage cannot be answered but offers an interesting specu- 
lation. Likewise, it is difficult to say whether sufficient benzoic 
acid and other aromatic acids can be produced in intestinal putre- 
faction to influence the excretion of uric acid. It must be remem- 
bered, however, that when the liver is injured, its conjugating 
power is diminished and the depressing effect of aromatic acid on 
uric acid excretion is increased. 


SUMMARY 


Strenuous exercise markedly diminishes the excretion of uric 
acid without affecting the output of creatinine. Mild exercise 
has no appreciable influence on uric acid. A possible explanation 
for the retention of uric acid during exercise is the overproduction 
of lactic acid, since even ingestion of this compound brings about 
a decrease in the output of uric acid. 

The inhibitory effect of benzoic acid on uric acid excretion is 
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prolonged and often pronounced in patients with liver diseases, 
but the degree of this retention does not run parallel with the 
diminution in the rate of hippuric acid production. 
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REACTIONS OF DYES WITH CELL SUBSTANCES 
I, STAINING OF ISOLATED NUCLEAR SUBSTANCES* 


By EDWARD G. KELLEY anp EDGAR G. MILLER, Jr. 


(From the Departmeni of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, February 20, 1935) 


Methods for studying the structural details of cells depend 
largely on the reactions between the cellular materials and various 
fixatives and dyes. The question as to whether many of these 
reactions are ordinary valency ‘‘chemical’’ unions or adsorptions 
appears to be still in dispute. The generally empirical basis of 
the histological interpretations in terms of cell materials suggests 
that information concerning the reactions of individual purified 
cellular substances and the dyes may increase the usefulness of 
these methods. We have attempted a preliminary survey of the 
results obtained by common histological techniques of fixation 
and staining applied to pure substances isolated from nuclear 
materials. 

The source of our material was beef thymus. $-Nucleohistone 
was prepared by the methods of Bang (1), Huiscamp (2), and Felix 
and Harteneck (3); a-nucleoprotein by precipitation with HCl 
(at pH 4.7) from the filtrate obtained in the nucleohistone prepa- 
ration, and also directly. from a 0.9 per cent NaCl extract of the 
gland; nucleic acid by the method of Levene (4); histone, from 
nucleohistone, by the methods of Plimmer (5), Abderhalden (6), 
Huiscamp (2), and Felix and Harteneck (3); and metaprotein by 
hydrolysis of a-nucleoprotein. 


* This work was aided by a grant from The Chemical Foundation, Inc., 
to this Department. 

The data in this paper are taken from a thesis submitted by E. G. Kelley 
in partial fulfilment of the requirements for the degree of Doctor of Philoso- 
phy in the Faculty of Pure Science, Columbia University. 


113 


k 
i 
} 
¢ 
t 


114 Dye Reaction on Cell Substances. I 


Freshly prepared nucleohistone gave maximum precipitation at 
about pH 6.2, but after thorough drying and standing for a few 
months, its solution in alkali gave a zone of maximum precipitation 
with acetic acid at about pH 3, indicating a change in its basicity. 
The fresh material was used. a-Nucleoprotein had a zone of 
maximum precipitation at pH 4.6 to 4.8. For nucleic acid, acidity 
below pH 2 was necessary to precipitate according to Levene’s 
method. Felix and Harteneck (3) give the isoelectric point of 
histone as pH 8.5; solutions of histone had maximum turbidity 
at this point, and the histone could be precipitated by the addition 
of alcohol. 

Along with the staining of these extracted substances, parallel 
stains were made on paraffin-imbedded sections of thymus tissue. 

The proteins and nucleic acid were attached to microscope slides 
by dropping a fine suspension of the material onto a slide previously 
smeared with Mayer’s albumin solution and drying at 50°. The 
time of fixation was 2 hours; the smears were then washed in run- 
ning water or buffer solution for 2 hours; the slides were then 
immersed in the dye solutions, usually for 5 minutes, and rinsed in 
water or buffer. Fixations and stainings were made at the 
same pH. 

The fixing agents and stains were prepared according to the 
usual histological procedures and also at pH values of 2, 6, 8.5, 
and 10. pH measurements were made with the glass electrode. 
To prepare mercuric chloride at a pH of 8.5, half saturated NaCl 
solution was used as a solvent; for pH 6, sodium acetate was used. 

All of the stained smears were examined for color and intensity 
immediately after staining and rinsing, and also after mounting in 
balsam. The permanent mount showed the same color as the 
freshly stained unmounted smears, except as noted below. Fig. 1 
gives the colors and intensity of staining, as shown in the balsam 
mounts, for each of the isolated cell substances, with the various 
fixatives and dyes, at three different pH values. A blank result 
indicates that the material of the smear was dissolved. 

The fixatives used were protein fixatives and represented a 
variety of types. Phosphotungstic and picric acids give nega- 
tively charged fixing ions, mercuric chloride a positively charged 
one. Formaldehyde affects the amino groups of a protein, reduc- 
ing the basicity. The chemical action of alcohol in fixing or dena- 
turing a protein is not known. 
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The stains used also represented various types. Thionine is a 
basic thiazine dye giving adye cation. Light green SF yellowish 
is a highly sulfonated acid dye of the diaminotriphenylmethane 
series, dissociating to form a colored ion with preponderantly nega- 
tive charge. Hematoxylin and hematein (7) dissociate as acids. 
The dye, as ordinarily used in tissue staining, requires the use of 
a mordant. The mordant used in these studies was ferric ammo- 
nium sulfate, dissociating into a positively charged mordant ion 
group and SO;. The mordant would be expected to combine 
with a negatively charged protein group or with a dye group, or 
both. The longer the preliminary mordanting, the more intense 
is the combination with hematoxylin. This and the fact that the 
stain may be partially or completely removed by subsequent treat- 
ment with iron alum suggests that both of the above types of reac- 
tion may occur. It is possible that the mordant acts by repressing 
any charge on the protein which would prevent the combination 
with the dye. Hematoxylin was also used on the various smears 
without previous mordanting. The Feulgen stain (8) is used as a 
stain for nucleic acid (or nucleoprotein) when the aldehyde group 
of its sugar is made available by acid hydrolysis. Wieland and 
Scheuing (9) have shown the probable mechanism of the similar 
Schiff aldehyde test. 

Analysis of the results indicates that the effects of variation of 
fixative, dye, and pH of the medium are adequately explained by 
salt formation between colored ion and oppositely charged protein 
ion, although they do not exclude the possibility of adsorption 
phenomena. The results with the decolorized basic fuchsin (Feul- 
gen) indicate its value for showing nucleic acid in tissues provided 
(as recommended by previous workers) a fixative such as HgCl, 
is used; it seems advisable to avoid the use of picric or phospho- 
tungstic acids, and obviously formaldehyde must not be used. 

The unmordanted fresh oxidized hematoxylin gave an inter- 
esting metachromasy. When the dye was used without buffer, 
further facts were noted. Histone, fixed with mercuric chloride, 
gave a blue, with formaldehyde a violet, and with alcohol a red- 
violet. When these were mounted in balsam (which is slightly 
acid) they all changed to a uniform violet. Unbuffered dye 
stained alcohol-fixed histone a bright red-violet; when it was buf- 
fered at pH 6 or 8.5, the color was less bright. ‘These colors were 
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changed by exposure to the CO, of the air or by mounting in balsam 
to brown or blue-violet. Nucleic acid in the unbuffered dye gave 
a bright orange color, unchanged by mounting. The orange of 
the stained nucleic acid smears was the same as the color of acidi- 
fied concentrated solutions of oxidized hematoxylin. The red- 
violet of the freshly stained histone, unfixed or fixed in alcohol, 
was the same as the color of an alkaline solution of the dye. The 
various colors of the other smears appeared to represent mixtures 
of these two, in some cases modified by addition of the fixative 
color (as with picric acid). 

The differential staining of the proteins by the two forms of the 
dye anion may be explained in two ways. It is possible that the 
proteins have selective affinities for the forms of primary or second- 
ary ionization, both of which are present in the solution. It may 
also be suggested that the proteins can bind either form, and that 
the ionic state of the bound dye is determined by the H and OH 
ion concentrations in the interface of the solid protein smear with 
the solution, which depends on the dissociation of the strongly 
basic and acidic groups present in the histone and the nucleic acid 
molecules. 

The mechanism involved in the hematoxylin metachromasy is 
clearly of an entirely different nature from that concerned in the 
metachromasy obtained in the use of thionine histologically (10), 
and appears to depend on pH effects. The colors of the stained 
tissue materials represent the two colored forms of the dye as 
found in acid or alkaline solutions. 


SUMMARY 


Isolated nucleoprotein, nucleohistone, their constituent proteins, 
and nucleic acid were stained with various dyes as used in his- 
tology, under various conditions, and the colors reported. 

In the case of unmordanted hematoxylin, the histological 
metachromasy seems to depend directly on pH effects. 
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REACTIONS OF DYES WITH CELL SUBSTANCES 


II. THE DIFFERENTIAL STAINING OF NUCLEOPROTEIN AND 
MUCIN BY THIONINE AND SIMILAR DYES* 
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Thionine is a metachromatic stain commonly used by histolo- 
gists. In our preliminary survey of the staining of smears of 
purified nuclear materials (1), it was noted that thionine gave 
color variation but not reliable differentiation among the sub- 
stances. The color variations were not conditioned by pH or by 
the acidity or basicity of the materials, as with hematoxylin. 
Thionine has been much used in tissue sections to distinguish 
empirically between mucin or mucoid (staining violet) and nuclei 
(blue), and important physiological theories depend on this. We 
felt that if this metachromatic differentiation could be studied 
with the purified proteins, the histological test might be validated 
and information might be gained concerning the mechanism of the 
differential staining. 

The proteins used in our experiments were beef salivary mucin 
or osseomucoid, and nucleohistone or a-nucleoprotein. Nucleic 
acid was also used in some cases. The thionine was the com- 
mercial product as provided for histological staining; for most of 
the experiments this was recrystallized from hot water and 
alcohol. 

Thionine is one of a large group of basic dyes which, as Holmes 
(2) showed, exist in one colored form in concentrated and another 


* This work was aided by a grant from The Chemical Foundation, Inc., 
to this Department. 

The data in this paper are taken from a thesis submitted by E. G. Kelley 
in partial fulfilment of the requirements for the degree of Doctor of Philoso- 
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in dilute aqueous solutions. Dilution definitely changes the one 
form to the other, a new absorption band appearing toward the 
red end of the spectrum. At intermediate concentrations both 
bands are present in varying intensities, depending on the dilution. 
Holmes (3) suggested that the dichromatism of these dyes was 
the basis for their histological metachromasy, but reported no 
experiments on this point. 

The differential staining of mucin and nucleoproteins appears 
to be fundamentally associated with this phenomenon. Many of 
the various types of basic dyes which show the ‘‘dilution shift’’ 
were tested and all of them gave the protein differentiation, in 
each case the color of the mucin stain corresponding to a predomi- 
nance of the dye form occurring in the concentrated aqueous dye 
solution (absorbing in the shorter wave-lengths) and nucleoprotein 
to the dilute dye form (absorbing in the longer wave-lengths). 

Thionine has already been mentioned as such astain. Toluidine 
blue, familiar to histologists for mucin differentiation, is another. 
Brilliant cresyl blue gave pronounced color differences with the 
two proteins, mucin staining an intense violet and nucleohistone a 
pronounced blue. Neutral red, a weakly basic azine dye which 
had been briefly investigated in the spectrophotometer and shown 
to give the shift on dilution, also stained the proteins differentially, 
mucin giving a bright orange-red, and nucleohistone a deep pur- 
plish red. Alkylated triaminotriphenylmethane dyes, such as 
crystal violet and methyl] violet, which showed pronounced shifts 
in their absorption maxima with dilution, were correspondingly 
strongly metachromatic with the two proteins. Crystal violet 
stained mucin an intense violet and nucleohistone a bright blue. 
Methyl violet, a mixture of alkylated rosanilines of lower alkyl 
content than crystal violet, gave similar differences. 

A number of triphenylmethane dyes were tested. Aqueous 
pararosaniline stained mucin an intense bright red and nucleo- 
histone a deeper red-purple—a definite differential staining, al- 
though the color difference is not as great as in the other dyes 
studied. As Holmes had noted, this dye does not change its ab- 
sorption peak when its aqueous solution is diluted; but when it is 
dissolved in alcohol the absorption maximum shifts toward the 
longer wave-length in a manner similar to, though less than, the 
effect of alcohol on all of the dyes which do give the dilution shift. 
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The differential protein stain colors correspond to the aqueous and 
alcoholic colors. These facts suggest that alcohol is able to cause 
the absorption change which water is unable to give in this case, 
and that the protein metachromasy is again parallel to this same 
phenomenon. 

The other dyes which do not show the change in absorption 
curves on dilution (such as malachite green, of the diamino- 
triphenylmethane |series) failed to give detectable color differ- 
ences between the two proteins. 
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Fia. 1. Absorption spectra of aqueous solutions of thionine 


Since this dilution shift appears to be fundamentally related to 
the phenomenon involved in the differential staining as used in 
histology, we undertook a study of its nature and the factors 
concerned. 

Spectrophotometric curves of thionine at various concentrations 
from 1250 parts of dye per million parts of water (p.p.m.) to 
25 p.p.m. were made. Cells from 0.15 mm. to 5 cm. thick were 
used. As Beer’s law was not followed, owing to the development 
of a new band on dilution, the curves were not recalculated to a 
single scale. 
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In a concentrated aqueous solution (1250 p.p.m.) the dye is 
almost completely in its violet form with maximum absorption at 
approximately 560 mu, with some evidence of an extension at 
600 my (Fig. 1). Ina dilute solution the dye is almost completely 
in its blue form with maximum absorption at 600 mu, and evidence 
of the presence of some of the violet at 560 mp. At 125 p.p.m. 
almost equal amounts of both forms are present. Intermediate 
dilutions show intermediate proportions of the two. 

Spectrograph curves of the thionine solutions in the ultra-violet 
showed a narrow absorption band at about 281.2 muy in all con- 
centrations. 
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Fic. 2. Absorption spectra of alcoholic solutions of thionine 


The effect of different solvents was tried. Solution of the dye 
in 95 per cent ethyl alcohol converted it into its blue form with a 
peak at 600 mu, with a very small amount of the violet form indi- 
cated by an extension at 560 my. 625 p.p.m. and 25 p.p.m. gave 
almost identical curves (Fig. 2). In alcohol the dye followed 
Beer’s law very closely. Holmes (2) found a similar effect of 
alcohol with all of the dyes studied. Butyl alcohol gave the same 
result. Acetone caused a general broadening of the curve, the indi- 
viduality of the two forms disappearing. The dye was insoluble 
in ether and chloroform. | 

Solutions of the dye in acid and base were tested. In the pH 
range from 1 to 10 (with HCl or NaOH) the curves were identical. 
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Above 10, the dye base precipitated. Below —1, it changed to 
the blue form and a new green form (the dihydrochloride) with a 
band at about 670 mu. 10 per cent acetic acid (pH 2.19) con- 
verted the dye largely into its blue form (600 myz) with some of 
the violet (560 mz), although HCl at pH 2.06 had no effect (Fig. 3). 

Sodium hydroxide or ammonia caused precipitation of the color 
base, soluble in butyl alcohol. Its absorption curve was very 
broad, covering the range of the violet and blue peaks as well as 
a new peak at about 490 mu. 
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Fic. 3. Effect of acid on absorption spectra of thionine 


It was thought that the dilution shift might be subject to a spe- 
cific effect of the anion. . The thionine used in all of the above 
experiments was the dye hydrochloride. The dye acetate and 
iodide were tested ; their solutions were identical in their absorption 
curves with the dye hydrochloride, and showed the same behavior 
on dilution. 

To test hydration or solvation as the factor responsible for the 
dilution effect, various amounts of sodium chloride were added 
to the dye solutions. With 125 p.p.m. of dye, 0.01 to 1 m salt had 
no effect. With greater salt concentrations, some of the dye was 
salted out, the supernatant solution showing the proportion of 
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colored forms normal for that dilution in pure aqueous solution. 
Further increases of salt concentration up to the point of complete 
precipitation of the dye caused a gradual lowering of the entire 
curve, with no further change in the relative heights of the two 
peaks. 

To compare changes in ionization of the dye with the dilution 
effect, the conductivities of various concentrations of the dye were 
measured. Molar conductance was plotted against the square 
root of the molar concentration (Fig. 4). On diluting from 1250 
to 25 p.p.m. there was an extremely small uniform increase in 
ionization, insufficient to account for the pronounced color change 
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Fic. 4. Conductivity of aqueous solution of thionine 


over this range. At 25 p.p.m. the curve shows a more rapid rise, 
increasing greatly in the very dilute solutions. Hydrochlorides 
of aniline and other amines show a similar effect (4). 

During certain stages of mucin-thionine staining at pH values 
about 9.0 there was evidence of considerable formation of the dye 
base. As aqueous solutions of thionine did not show dye base at 
this pH, it was thought that this might be significant regarding 
the effect of various groups on the surface of the protein. More- 
over, as Holmes (5) has reported that the dye base of brilliant 
cresyl blue is formed readily from the dilute form of the dye and 
not from the concentrated, it was hoped that a study of the base 
formation might yield some information as to the differences in 
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these forms. As the dye base of thionine is insoluble in water and 
sparingly soluble in organic solvents, brilliant cresyl blue was used. 

Absorption curves of brilliant cresyl blue showed the same type 
of dilution phenomenon as thionine, except that for a corresponding 
dilution there was not as complete conversion (Fig. 5). The two 
bands were at 580 mu and 530 mp. Up to pH 10.5 to 11.0 the 
addition of sodium hydroxide did not form dye base; the entire 
absorption curve was lowered with increasing concentration of 
alkali, but the relative intensities of the two bands remained eon- 
stant (Fig. 6). At higher pH values with sodium hydroxide the 
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Fic. 5. Absorption spectra of aqueous solutions of brilliant cresyl blue 


curve became very broad- and covered the range of the dye base, 
violet and blue bands. Strong acids caused the formation of a 
third band and a green solution. 

Holmes’ experiments with brilliant cresyl blue and chloroform 
were repeated and other experiments on the change from blue form 
to dye base were undertaken. 

Solutions of the dye directly in chloroform gave principally the 
blue form (Fig. 7). Shaking a water solution of the dye with 
an equal volume of CCl;H caused the formation of the dye base in 
the chloroform with maximum at 505 my (Fig. 8). There was a 
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Fia. 6. Effect of alkali on absorption spectrum of brilliant cresyl blue 
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Fic. 7. Absorption spectrum of brilliant cresyl blue in chloroform, and 
effect of chloroform extraction from water. 
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lowering of the pH of the water phase, the decrease depending on 
the dye concentration, being as much as 0.75 pH unit in the more 
dilute solutions. Buffering of the water-dye solution prevented 
dye base formation (Fig. 8). Deutsch (6) and Kolthoff (7) have 
studied the color changes in indicator pigments at interfaces be- 
tween water and an immiscible liquid such as benzene or chloro- 
form; the phenomenon seemed to depend on pH changes in the 
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Fic. 8. Effect of buffer on dye base formation in chloroform extraction 
of brilliant cresyl blue. 


interface. It was shown also, with certain dyes, that it was pos- 
sible to secure the form corresponding to the colored dye base 
simply by the introduction of a large interface such as that afforded 
by quartz particles. 

It was evident that the blue form of the dye was very readily 
changed to the dye base, even by the hydroxyl ion concentration 
of water at an interface between chloroform and water. 

Comparison of the formule of the many dyes listed by Holmes 
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(2) reveals a number of points regarding the nature of the dilution 
shift. Nitrogen certainly appears to be necessary. Apparently 
CH 


3 
this may be present as NH2, —NHCH;, —N | , or even in 


CHs 

aring (e.g. alizarin blue S-5-R). With thionine there is a shift of 
approximately +40 mu on dilution. No alkyl groups are present 
in this case. Introduction of alkyl groups on the nitrogen atoms, 
as in toluidine blue and methylene blue, increases the magnitude 
of the shift. With the triaminotriphenylmethane dyes the change 
does not occur unless alkyl groups are present. Rosaniline and 
other fuchsins show no dilution effect, but the introduction of 
alkyl groups causes the shift to take place. The greater the load- 
ing of the nitrogen with alkyl groups, the greater is the magnitude 
of the effect. The positions of the peaks of the concentrated solu- 
tions of all of the dyes of this series are almost exactly the same. 
Phenyl groups attached to the amino nitrogen atoms or to the 
central nitrogen atoms of the azine, thiazine, or oxazine dyes, 
greatly repress the amount of shift on dilution; this is illustrated 
by the phenylated rosanilines and the safranines. The azo dyes 
show only a small shift on dilution, regardless of the loading on 
the nitrogen, and none is observed with the diaminotripheny]l- 
methane dyes. 

Holmes also was unable to correlate the phenomenon with 
changes in dispersion, hydration, or solvation. He concluded that 
one must assume some type of tautomeric rearrangement, and 
explained the change in absorption as being due to a change of 
alkylated amino nitrogen from a trivalent ‘‘addition product type” 
to a pentavalent ammonium salt type. Examination of Holmes’ 
data does not support this theory. Nor has it been found possible 
to account for the shift on dilution, common to the many varied 
dyes, by any type of structural tautomerism that would be appli- 
cable to all. This same difficulty makes it impossible to correlate 
these studies with the chain theory of color as used by Watson (8) 
and others, on the basis of the passage of an electron along a chain 
of conjugated double bonds. 

Moir (9) has proposed a theory of color involving the move- 
ment of a shared electron around the entire dye molecule from one 
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positive point to another. The time of revolution of the electron 
in its orbit, when it is excited by light, depends on the type of dye 
and the volume of the groups. He claimed that changes in the 
angle of the nitrogen valence bonds affected the molecular volume. 
He noted that phenazine, phenthiazine, and phenoxazine dyes 
exhibited two bands in their solutions, and suggested that the 
positions of the two bands could be used to calculate the different 
angles of the valency bonds of the nitrogen atom. 

It seems possible that application of this theory might lead to 
a working hypothesis for the dilution phenomenon. The measure- 
ments which Moir made were on dilute solutions, and it will be 
remembered that increased number and size of alkyl groups affect 
the location of the band of the triphenylmethane dyes only in 
dilute solution and do not affect the location of the band of the 
concentrated solution. Moir found that increased volume in- 
creased the wave-length of the absorbed light. Decreased volume 
would mean absorption of light of shorter wave-length. Since a 
nitrogen-containing chromophore group is necessary to show the 
dilution shift of absorption, it seems possible that a change in the 
angle of valency bonds of the nitrogen might occur if for some rea- 
son the auxochrome group were affected by a change in the medium 
of the dye solution. Such a picture would not be inconsistent 
with the data on the dilution effect. With dilution or an appro- 
priate change in solvent the amino nitrogen may be changed from 
a more compact form to a more extended one. 

For further investigation of the staining reactions of mucin and 
nucleohistone, a somewhat different procedure was employed from 
that used in the earlier part of the work. Weighed amounts of 
proteins were triturated with water and transferred to small centri- 
fuge tubes. They were -washed several times and then dye was 
added to each tube. Uniform times of staining were employed in 
most cases. The stained proteins were washed free of excess dye 
(with water or buffer, depending on the staining medium used), 
pipetted to slides, and examined while wet, then dried at 50°, and 
examined again. Samples of each dry smear were mounted in 
balsam; in no case was there any change in color on long standing, 
and comparison could be made more easily on the transparent 
balsam mounts. 

The effect of the dye concentration was tried. Mucin and 
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nucleohistone were stained for 5 minutes in various aqueous con- 
centrations of thionine. The colors of the smears were determined 
by examination in the color analyzer (10) in terms of wave-length 
of the visual color. In concentrated dye (1250 p.p.m.) both pro- 
teins gave an identical intense violet (483 mu). In 625 and 125 
p.p.m., mucin gave the same violet (433 mu); the nucleohistone 
gave a somewhat more blue color (437.5 and 449 mu). The great- 
est color distinction between the proteins was seen at 25 p.p.m.; 
mucin appeared definitely violet (447 my), while the nucleohistone 
was a deep blue (470 mu). In 1 p.p.m., mucin was a dull blue- 
violet (464 mu) and nucleohistone deep blue (476 my). Osseo- 
mucoid and a mucin isolated from the Japanese yam, in 25 p.p.m., 
gave 449 and 452 mu respectively. 

It is evident that both of the proteins will stain predominantly 
with the violet form in concentrated solutions of the dye where 
this is present in great excess. On dilution, with formation of the 
blue-colored dye, the nucleohistone combines with more of this 
blue form while the mucin stains with the violet form. The con- 
centration of the violet form in the most dilute staining solution 
was very small and yet the mucin still stained an intense violet. 

To test the time factor in the staining, the proteins were placed 
in an excess of 25 p.p.m. of dye and samples were removed at 
intervals of 2, 5, 15, 30, and 60 minutes. With increasing time 
both proteins became more violet. In all cases there was a decided 
difference in the color of the two proteins, but this distinction was 
greatest at 5 and 15 minutes, when mucin was an intense violet 
and nucleohistone a deep blue. At 30 and 60 minutes nucleo- 
histone became more violet, as if the immediate tendency of the 
protein was to stain with the blue form of the dye and then, after 
a certain amount of the dye had been taken up, the violet form 
could exist on the surface of the protein. 

Since alcohol had been shown to convert the dye into its blue 
form, its effect on staining was tried. When the proteins, stained 
in 25 p.p.m. of aqueous thionine, were washed in alcohol, the mucin 
smear changed from violet to blue and the nucleohistone became 
slightly more blue, the resulting color being the same for both. 
This phenomenon has been noted by Michaelis (11). When the 
proteins were stained in a 1250 p.p.m. alcohol solution of the dye, 
both gave an intense blue (the visual wave-length being 476 mu, 
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identical with that obtained with nucleohistone in dilute aqueous 
dye). When water was added to the stained proteins, the mucin 
became intensely violet ; the nucleohistone remained blue. Stained 
in 25 p.p.m. of alcoholic thionine, nucleohistone gave an intense 
blue, and mucin a very faint blue. The alcohol was capable of 
keeping the dye in its blue form even on the surface of the mucin, 
where it had previously been converted to the violet form. 

pH had a decided effect on the staining of the proteins but not 
on the color of the stained material. Mucin smears did not stain 
at any pH below the isoelectric zone; at pH 3 there was very faint 
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Fic. 9. Effect of mucin on thionine 


violet staining, increasing with rising pH. Nucleohistone stained 
blue from pH 1 to 10, the faintest color being in the region of the 
apparent isoelectric zone (about pH 3). At pH 2 and below the 
material became more or less sticky and gelatinous and was stained 
somewhat unevenly as was the case with stained smears of nu- 
cleic acid. 

As Fig. 9 shows, the mucin in solution at pH 9.8 exerted a very 
powerful effect on the thionine, the maximum absorption being 
even more toward the violet end of the spectrum than the position 
of the maximum of a concentrated aqueous solution; there was 
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also a small extension of the curve at the position of the dye base. 
The blue form of the dye which would be present in equal amount 
with the violet form at this concentration (125 p.p.m.) in simple 
aqueous solution was very greatly reduced in amount. This 
same solution, diluted 5-fold and examined after the pH had again 
been brought to 9.8, still showed a great proportion of the violet 
with somewhat less dye base and considerably more of the blue 
form. An aqueous solution of this degree of dilution, and at any 
pH up to about 10.5, would have shown a great excess of the blue 
with only a small amount of the violet form (Fig. 1). 
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Fic. 10. Effect of nucleohistone and nucleic acid on thionine 


Although the nucleohistone was less soluble, it had a pronounced 
effect. Strongly centrifuged supernatant solutions at pH 9.3 
showed a preponderant blue, with a considerable amount of the 
violet dye (Fig. 10). As with the mucin, the nucleohistone caused 
a shift in the position of the maximum absorption, in this case 
toward the red by about 10 mu. The solution of nucleohistone 
with the dye at pH 9.3 was not as clear as the mucin solution and 
a beam of light showed it to be a suspension of ultramicroscopic 
particles, giving a dichroic effect by reflected and transmitted 
light. 

Since it was possible that the nucleohistone at this high pH 
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might have formed nucleic acid, a number of solutions of nucleic 
acid and dye were examined. The nucleic acid was completely 
dissolved at pH 9 and showed a strong tendency to keep the 
thionine in its blue form (Fig. 10). The same shift of the dilute 
peak toward the red was noted and also an extension to the longer 
wave side of the position of the concentrated peak. This exten- 
sion was more pronounced than with nucleohistone. This differ- 
ence between nucleic acid and nucleohistone was constant under 
all conditions of staining. 

Curves of mucin and nucleohistone with thionine were also 
made at pH 4.9. The proteins were not dissolved, and were com- 
pletely centrifuged off. The mucin was stained violet and the 
nucleohistone blue. The supernatant solutions were more dilute, 
owing to removal of the stain by the proteins, and in each case the 
proportion of colored forms and positions of the peaks was the 
same as for plain water solution at this dilution. 

Similar curves were obtained with the proteins and brilliant 
cresyl blue. At the lower pH values (at which the proteins did 
not dissolve) there was again no other effect than removal of some 
of the dye with subsequent equilibrium of the dye forms in solution 
to fit the dilution. At the high pH levels with solution of the pro- 
tein, there was the same tendency of mucin to form the violet dye 
(Fig. 11), with a shift of the peak toward the violet end of the 
spectrum. Unlike thionine, there was very little tendency to 
form the dye base in these alkaline solutions. Nucleohistone and 
nucleic acid again caused a preponderance of the blue dye with a 
shift toward the red (Fig. 12). The same relation of nucleic acid 
and nucleohistone was evident by the slightly greater proportion 
of violet dye in the nucleic acid solution. Nucleic acid also dis- 
solved at pH levels as low as 3, and the conversion of the dye to 
the blue form was the same as at higher levels (Fig. 12). 

At the pH of the suspended mucin-dye mixture (4.63) with 
125 p.p.m. of dye, the mucin almost completely prevented dye 
base formation on shaking with chloroform. Curve 1, Fig. 13, 
on the chloroform phase, shows that some dye base was formed, 
but comparison of this curve with that of the dye in chloroform 
from water (Fig. 8) shows that the conversion was slight. The 
pH of the supernatant solution changed from 4.63 to 4.52, com- 
pared with the 0.75 pH shift of the water solution of thedye. The 
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mucin may have prevented dye base formation by repressing con- 
version of the violet dye to the blue form from which the base is 
formed, or simply by its buffering action. At higher pH levels 
the mucin did not prevent dye base formation (Fig. 13). There 
was a shift in pH from 9.37 to 8.30 on shaking the mucin-dye solu- 
tion with chloroform. With KCl-borate buffer there was no pH 
shift even with complete dye base formation. Evidently the 
mucin lacked buffer value at the high pH levels. 
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With nucleohistone and dye solution at pH 5.5, shaken with 
chloroform, the dye base was formed as readily as from the water 
solution. At higher pH levels dye base formation was very com- 
plete and there was a pH shift of 1.2 units. When a solution of 
nucleic acid at pH 3 was shaken with chloroform, the dye base 
formation was completely repressed, and there was no pH change 
in the supernatant solution. There was certainly considerable 
attraction of the nucleic acid for the blue dye although probably 
less than with nucleohistone. The lack of dye base formation 
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may have been due to the buffering action of the nucleic acid at 
this low pH level. At higher pH levels the dye base was formed 
on shaking the nucleic acid-dye solution with chloroform, and there 
was a correspondingly large pH change. 

Fig. 14 shows the absorption curves obtained from the solid 
smears of mucin, nucleohistone, and nucleic acid stained in 25 
p.p.m. of thionine. As with all of the solid smears from aqueous 
suspensions, the dispersion was greater and the entire curve was 
raised. There was definitely a greater proportion of the blue dye 
in nucleohistone than in nucleic acid smears, as in the case of the 
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solutions. The mucin curve showed a greater proportion of the 
violet than did nucleohistone and nucleic acid. As with the solu- 
tions of the proteins and dyes, the violet peak was located at a 
shorter wave-length than in water solution, and the blue at a 
longer. 

Holmes and Peterson (12) had noted a displacement of absorp- 
tion maxima in dyes when passing from solid dye to solution. 
With the dyes which showed the dilution effect, his curves showed 
that both of the dye forms were present in the solid smear and in 
most cases the peaks were displaced. We prepared solid smears 
of thionine and determined the absorption curve (Fig. 15). Both 
peaks were present, but the violet peak was shifted to the shorter 
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while the blue was shifted to the longer wave-lengths. The violet 
peak of the solid dye is at the same wave-length as the violet peak 
in the mucin-thionine solutions. The displacement of the blue 
peak is less than in the drying of the pure dye; nor does the drying 
of the thionine-protein combination appear to increase the magni- 
tude of the shift (Figs. 14 and 15). 

To determine whether certain factors other than the attachment 
of the protein with the dye could be responsible for the shift in 
color, negatively charged colloids (corn-starch and potato starch) 
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were mixed with thionine and brilliant cresyl blue and examined 
at pH 4.5 and pH 9. The absorption curves of the starch-dye 
solutions were the same as those of a water solution of the dye at 
the same concentration. 1 per cent solutions of pure egg albumin, 
at pH 4.5 and 9, had no effect. Since the dye base formation with 
mucin at pH 9.2 might have been due to strongly positive groups 
(such as guanidine) on the surface of the protein, solutions of 
guanidine were tested; they caused dye base formation as ammonia 
and sodium hydroxide had done, but not at pH values below 
10.5 to 11. Guanidine chloride buffer at pH 9.3 showed no effect. 
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Edestin, containing a high proportion of these groups, stained an 
intermediate color as if both forms of the dye had been bound. 
Thionine or brilliant cresyl blue was added to colloidal silicic 
acid gels. In most cases a precipitate formed depending upon the 
pH of the solution and the degree of gelation. The solutions 
showed a great preponderance of the violet form of the dye (Fig. 
16). At pH 9.3 the solution showed excess of violet dye and, as 
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with mucin, a small amount 0° dye base formation. This gives 
added evidence that the dye base formation on the mucin may have 
been due to the large interface presented by the colloidal protein 
with concentration of OH ions in the interface, as in the experi- 
ments cited above on the effects of immiscible liquids. 

In view of the experimental data described, the histological dif- 
ferentiation of mucin and nucleoprotein by thionine and similar 
dyes appears to be valid, and to depend on the same phenomenon 
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as is involved in the dilution shift of absorption bands. (Under 
certain conditions, there may be some dye base formation, but 
this is not part of the fundamental problem.) 

The mechanism of this differential staining can be discussed only 
tentatively. One possibility is that the two proteins have specific 
chemical affinities for the two forms of the dye. It is difficult to 
picture any different chemical structures for the two forms, which 
might be common to the very wide range of molecular dye struc- 
tures that give the uniform phenomena with the proteins. In 
discussing the dilution shift of the absorption bands, we have 
indicated our reasons for believing that it is not based on any 
tautomerism which might lead to changing affinities. Moreover, 
under certain conditions the two types of protein show strong stain- 
ing with both colors. The color can be changed after union with 
the protein (as when mucin, stained blue in an alcoholic thionine 
solution, becomes violet when transferred to water). The most 
consistent interpretation of our data seems to be that when the dye 
is united to the protein, or at its surface, the form of the dye is 
determined, rather than that the protein selects one form from the 
solution. 

Another possibility is that the color on the protein is determined 
by the dye concentration there, just as it is in the aqueous solution. 
The fact that there can be very faint violet staining of protein 
(with a small concentration of dye on the protein) and very dense 
blue staining (with much dye bound) leads us to reject this theory. 

A third possibility may be tentatively suggested, based on 
Moir’s views of color and their theoretical relation to the dilution 
shift as already discussed. If we suppose that the color change 
in solution is due to a change in molecular volume of the dye (per- 
haps because of a change in angle of a nitrogen bond), we imply 
that, in more firmly binding the dye, the mucin causes a contrac- 
tion of the molecule into the form of smaller volume so that the 
light absorbed by the dye is of shorter wave-length. The nucleo- 
protein, binding the dye less firmly (or at least with less or different 
electrostatic effect) tends to hold the dye in the form of larger vol- 
ume, absorbing in the longer wave-lengths. Our data are consist- 
ent with the general view that mucin tends to change the dye to 
the “‘concentrated”’ or “‘contracted”’ form (as shown by the experi- 
ments on staining colors and on the inhibition of dye base forma- 
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tion), while nucleoprotein does not tend to ‘“‘contract’”’ the dye, 
although it may, under certain conditions, fix the violet form if 
that form is present in excess. 


SUMMARY 


All dyes examined, which on dilution show a definite shift of 
maximum light absorption toward the longer wave-lengths, give 
a color differentiation between mucins and nucleoproteins parallel 
to the familiar histological differential by the thionine or toluidine 
technique: the color of the stained mucin indicates preponderant 
staining by the dye form occurring in concentrated aqueous solu- 
tion, while the color taken by the nucleoprotein corresponds to 
that of the dye in the dilute solution. 

This differentiation is not conditioned by the pH, within the 
limits in which the dye cation can combine with the protein. 

Experiments are reported dealing with the nature of the color 
shift on dilution, and several hypotheses are discussed. 

It is postulated that this type of metachromatic histological 
differentiation of tissue proteins is to be explained on the basis of 
the same phenomenon that is involved in the dilution shift of ab- 
sorption maxima. Experiments on the effects of the proteins on 
the dyes are reported, and possible theories are briefly discussed. 
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REACTIONS OF DYES WITH CELL SUBSTANCES 


III. AN APPARATUS FOR THE DEFINITION OF COLOR IN 
STAINED HISTOLOGICAL SECTIONS* 


By EDWARD G. KELLEY 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, February 20, 1935) 


An instrument was devised for the precise definition of the visual 
colors of stained microscopical preparations. The need for such 
an instrument was evident when attempts were made to compare 
and record the colors of stained smears and sections, especially 
those which were not stable. Various methods of defining the 
colors were tried, such as color charts and comparison microscopes 
and camera lucida devices, but none of the methods involving 
colored paper or glass was sufficiently accurate or of sufficiently 
wide range. A microspectroscope was aiso tried, but its use was 
limited to very uniform fields and even then gave unsatisfactory 
results. The instrument used is shown in Figs. 1 and 2. It is 
similar to the Nutting monochromatic colorimeter (1), but adapted 
and modified. Fig. 3 gives the optical system of the instrument. 
A movable spectrum is projected to a point where a high powered 
microscope lens picks out a very narrow band of color. This color 
passes through a pair of Nicol prisms to an outside focus micro- 
scope eyepiece. By means of a plate glass mirror, which allows 
passage of the colored light, white light passing through a similar 
lens and prism system is mixed with the colored light. The use 
of a plate glass mirror of this type has the drawback that even 
with completely crossed Nicols some white light passes into the 


* This work was aided by a grant from The Chemical Foundation, Inc., 
to this Department. 

The data in this paper are taken from a thesis submitted by the author 
in partial fulfilment of the requirements for the degree of Doctor of Philoso- 
phy in the Faculty of Pure Science, Columbia University. 
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eyepiece due to the slight polarization by the back reflecting sur- 
face of the plate glass. A better arrangement would be a pair 
of Nicols for each light source as in the Nutting colorimeter. How- 
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Fig. 2 


Fic. 1. Instrument for definition of color in stained microscopical 


preparations. 
hia. 2. Top view of instrument in Fig. 1. 
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Fic. 3. Diagram of the instrument used for the color determination of 
microscopical preparations and a photograph of several of its parts. 1 
represents the condensing lens; 2, spectroscope slit; 3, collimator lens; 4, 
spectroscope prism; 5, telescope lens; 6, microscope objective; 7, color 
intensity scale; 8, Nicol prism, color intensity; 9, transparent plate glass 
mirror; 10, Nicol prism, analyzer; 11, right angle prism; 12, diaphragm; 
13, eyepiece; 14, microscope objective; 15, white light scale; 16, Nicol prism, 
white light intensity; 17, condensing filter; 18, microscope; 19, colored 


microscope preparation; 20, microscope lighting system. 
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ever, since the amount of white light in the microscopical prepara- 
tion is always much greater than the small amount due to this 
secondary reflection, the simplicity afforded by the present arrange- 
ment was considered desirable. 

The field of the eyepiece is divided sharply in half by placing a 
totally reflecting prism at the focus of the eyepiece. A microscope 
beneath the prism projects the image of the stained material into 
the lower half of the field of view for comparison with the variable 
color in the upper half. 

The color in the eyepiece is varied by moving the source of light 
across the collimator face of the prism. A constant deviation 
prism can be used instead of a movable light source. The colored 
light is varied in intensity and tint by turning the polarizing prisms 
in the paths of the colored and white light. The color is suffi- 
ciently monochromatic to prevent detectable differences from being 
seen across the field. The field is made uniform by the use of a 
diaphragm just in front of the face of the totally reflecting prism, 
which also serves to reduce the colored field to a suitable size for 
observation. When the color of a single nucleus is desired, it is 
possible to reduce still further the size of the field by the use of 
smaller diaphragms. 

Any color except purple or magenta can be found in the spec- 
trum, but since many of the common histological stains give pur- 
ples and magentas, it is essential that these colors be measurable 
also. If extreme accuracy were desired, it would be possible to 
superimpose a second spectrum on the first in such a way that 
reds and blues could be mixed to give any desired purple. For 
the present purposes this was considered unnecessary. In the 
instrument as used, the purples are obtained by means of blue 
and red filters of known value as determined by matching against 
the spectrum colors. These filters are placed in the path of the 
white light so that instead of mixing white light it is possible to 
superimpose a red or blue light of variable intensity on a blue or 
red of the spectrum. These colors are expressed as percentages 
of reds and blues as shown by the intensity scales of the prisms 
or as the wave-length of the complementary green color as deter- 
mined from the Maxwell color chart. The colors from the spec- 
trum, after a match is obtained, are read from the scales as wave- 
lengths, intensity, and tint or saturation. 
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For the purposes of the present study it was desirable to know 
the wave-length of the dominant hue of the stained preparations. 
The colored and white light intensities were used to allow matching 
of the hue and a more complete record of the color. The angle 
readings of the intensity scales were always recorded in conjunction 
with the wave-length reading. In our instrument these arbitrary 
values of intensity are perfectly adequate for any future com- 
parison provided nearly identical light sources are maintained. 
If quantitative data in terms of standard lumen were desired, it 
would be necessary to calibrate the instrument against a standard 
light source. We would suggest that calibration of the white 
light would be possible by substituting a standard light source for 
the microscope light and matching this light as seen in the eyepiece 
against the added white light. The calibration of the spectroscope 
colors would require the use of colored filters which had previously 
been standardized spectrophotometrically. Methods of such cali- 
bration are described by Walsh in his chapter on ‘‘Heterochromatic 
photometry”’ (2). 
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BACTERIAL METABOLISM 


I. THE REDUCTION OF PROPIONALDEHYDE AND OF PROPIONIC 
ACID BY CLOSTRIDIUM ACETOBUTYLICUM 


By KENNETH C. BLANCHARD anv JOSEPH MacDONALD 


(From the Department of Biology, Washington Square College, New York 
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(Received for publication, March 23, 1935) 


Carbohydrates are fermented by Clostridium acetobutylicum and 
related microorganisms with the formation of acetic acid, n-butyric 
acid, acetone, ethanol, and n-butanol. It has been conclusively 
proved that the butanol arises by the reduction of the butyric acid 
(1, 2). As yet, however, there is no exact information as to the 
sequence of reactions by which butyric acid is formed from glucose 
by such microorganisms, although several investigators have 
advanced speculative schemes to account for such a transforma- 
tion. The nature of these schemes has recently been described in 
a number of reviews (3-6) and need not be considered here, except 
to note that, with the exception of the hypothesis advanced by 
Neuberg and Arinstein (7), all of these schemes have followed the 
early suggestion of Biichner and Meisenheimer (8) that butyric 
acid is formed in some manner from aldol. The latter is assumed 
to arise from the condensation of 2 molecules of acetaldehyde 
formed in turn from the carbohydrate, although as yet neither of 
these substances has been ‘detected in fermentation induced by 
butanol-forming microorganisms. 

In some experiments made several years ago, the writers at- 
tempted to determine if such bacteria could utilize either aldol 
or its dehydration product, crotonic aldehyde. The latter was 
readily reduced to n-butanol by actively fermenting cultures of 
Clostridium acetobutylicum, while aldol proved to be of such great 
toxicity to the bacteria, that cessation of fermentation invariably 
followed its addition in even minute amounts to actively ferment- 
ing cultures. In consequence, experiments of this type were 
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abandoned. Recently a similar experience with aldol has been 
recorded by Johnson, Peterson, and Fred (9). The distinct 
toxicity displayed by aldol when added to cultures of microorgan- 
isms which supposedly form it in the course of their chemical 
activities cannot be taken as a negation of its possible importance 
in the formation of butyric acid, for it is quite conceivable that in 
the sequence of reactions occurring within the bacterial cell such 
a toxic intermediary substance may have but a transitory intracel- 
lular existence. 

One might reasonably expect to obtain indirect evidence relative 
to the réle of aldol in the formation of butyric acid, if it could be 
shown that the addition of acetaldehyde to actively fermenting 
cultures led to an enhanced yield of butyric acid and butanol. 
Such an experiment presents a number of technical difficulties, 
including the volatility of the aldehyde, the necessity of working 
with small quantities of the substance to avoid toxic interference 
with the normal course of the fermentation, and the difficulties 
attending the exact analytical determination of small increments 
in the yield of the various fermentation products. In order to 
circumvent these difficulties a similar type of experiment with the 
less volatile propionaldehyde in place of acetaldehyde has been 
conducted. 

The former aldehyde of course is not a normal intermediary in 
the chain of chemical events induced by butanol-forming micro- 
organisms. Theoretical justification for the employment of 
propionaldehyde in such an experiment is, however, to be found in 
the present day concept of the mechanism of enzyme action, 
according to which the specificity of enzyme action is largely 
determined by the structural nature of particular groupings of the 
enzyme and substrate molecules. Consequently one may reason- 
ably expect the enzymes of a butyric acid-forming microorgan- 
ism to form from propionaldehyde products analogous to those 
supposedly formed from acetaldehyde. If such were the case, on 
the basis of the aldol hypothesis one would anticipate the formation 
from propionaldehyde in fermenting cultures of one or more of 
the following aldols: a-methyl-8-hydroxyvaleraldehyde, {-hy- 
droxyvaleraldehyde, and a-methyl-8-hydroxybutyraldehyde, ac- 
cording to whether the propionaldehyde underwent condensation 
respectively with itself or with acetaldehyde in either of the two 
theoretically possible modes. In subsequent reactions these re- 
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spective aldols should form a-methylvaleric acid and 2-methyl- 
butanol, n-valeric acid and n-pentanol, and a-methylbutyric acid 
and 2-methylbutanol. The detection of any one of these products 
among the end-products of the fermentation of glucose by Clostrid- 
tum acetobutylicum in the presence of propionaldehyde would offer 
convincing proof of the validity of the aldol hypothesis. 

Experimentally none of these anticipated end-products was 
found in cultures of Clostridium acetobutylicum to which propional- 
dehyde was added, although under the conditions of the experiment 
their detection should have presented no difficulty. Aside from 
the normal products of the fermentation, the only other substance 
obtained was n-propanol, obviously formed by the reduction of the 
propionaldehyde. As a result it appears unlikely that the aldol 
condensation plays a significant role in the formation of butyric 
acid and n-butanol from glucose by Clostridium acetobutylicum. 
In this connection it is of interest to note that Johnson, Peterson, 
and Fred (9) have recently shown that pyruvic acid, which is 
generally conceded to be the immediate precursor of acetaldehyde 
in fermentations, is readily fermented by Clostridium acetobutyli- 
cum without any noteworthy increment in the yields of butyric 
acid and butanol. 

In the fermentation under discussion butyric and acetic acids 
are reduced to the corresponding alcohols. According to Desbor- 
ough et al. (10) and Speakman (2), the latter acid is also converted 
to acetone. According to Kluyver and Donker (11), this ketone 
arises by the condensation of acetaldehyde with acetic acid to 
form acetoacetic acid which in turn is decarboxylated to acetone, 
as first suggested by Raistrick and Clark (12). One might expect 
propionaldehyde to behave analogously, forming methyl ethyl 
ketone, but this product could not be detected in the experiments 
outlined above. 

When propionic acid was incorporated in the mash fermented by 
Clostridium acetobutylicum it was reduced to propionaldehyde and 
n-propanol without the production of any ketones whose origin 
might be traced to this acid. 


EXPERIMENTAL 


Materials—The strain of Clostridium acetobutylicum used in the 
present experiments was donated by Mr. Horace Hall, who kindly 
supplied us with a number of cultures. Previous experience with 
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this strain had shown it to be an exceedingly vigorous fermenter. 
As a result of some preliminary experiments made with this organ- 
ism in media to which Eastman propionaldehyde was added, it 
was found that the commercial product was decidedly toxic even 
when added in minute amount to vigorously fermenting cultures. 
Upon fractionation the crude material was found to consist of a 
mixture of propionaldehyde and a higher boiling fraction, pre- 
sumably the aldol, a-methyl-8-hydroxyvaleraldehyde. The high 
boiling material was found to be very much more toxic to the 
cultures than was pure propionaldehyde. The latter, boiling at 
48.8-49°, was obtained in about 40 per cent yield by distillation 
of the commercial product through a 1 meter packed column. 
Only such purified material was used in the large scale ex- 
periment described below. 

Reduction of Propionaldehyde—A seeding culture of Clostridium 
acetobutylicum was prepared by inoculating 400 ce. of sterile 5 per 
cent corn mash and incubating at 37° for 24 hours. This culture 
was then added to a sterile mixture composed of 8 gm. of dipotas- 
sium phosphate, 8 gm. of monopotassium phosphate, 70 gm. of 
Merck’s peptone, and 900 gm. of invert sugar in 12 liters of tap 
water. After 24 hours incubation at 37°, by which time a vigorous 
fermentation was in progress, the addition of the propionaldehyde 
was begun. For this addition 36.3 gm. of the aldehyde were 
dissolved in 1100 ec. of sterile water. This solution was run into’ 
the fermenting mixture at a rate of 20 to 25 ce. per hour by means 
of a tube reaching to the bottom of the fermentation flask. At the 
expiration of 72 hours the fermentation had ceased. It is perhaps 
of interest to note that in similar experiments without the addition 
of propionaldehyde the period of active fermentation is of essen- 
tially the same duration. 

The fermented mixture was made definitely alkaline with 
sodium hydroxide and distilled until a volume of distillate equal 
to 8/15 of the initial volume had been collected. The distillate 
was redistilled through a 150 & 2 cm. jacketed packed column of 
the total condensation variable take-off type, which was operated 
with a reflex ratio of 50:1. Three definite fractions boiling at 55°, 
88°, and 92-93° were obtained. The latter, as is characteristic 
of the butanol-water azeotrope, separated into two layers. Dis- 
tillation was continued until about 800 ec. of water had been 
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collected. Each of the above fractions, as well as the intermediary 
fractions, was saturated with anhydrous potassium carbonate and 
the non-aqueous layers separated. These were washed with a 
saturated solution of sodium bisulfite, dried over anhydrous copper 
sulfate, and refractionated through a 40 X 1 cm. column of beads, 
whereby there were obtained 112 gm. of n-butanol, 8 gm. of 
ethanol, and 27 gm. of n-propanol. Each of these alcohols was 
identified by conversion to the 3,5-dinitrobenzoate in the usual 
manner. From the bisulfite solution, 48 gm. of acetone were ob- 
tained. 

The alkaline residue from the first distillation was extracted with 
ether. The latter upon evaporation yielded 3 gm. of a yellow oily 
material insoluble in water and sodium carbonate solution, but 
readily soluble in acetone. It was dissolved in a minimum 
quantity of ether, dried over anhydrous sodium sulfate, and, follow- 
ing the removal of the solvent, an attempt was made to distil it. 
Nothing passed over below 170°, at which temperature decomposi- 
tion accompanied by a distinct odor of acrolein began. 

The aqueous residue from the ether extraction was made acid to 
Congo red with sulfuric acid and steam-distilled. The distillate 
was neutralized with barium hydroxide and evaporated to dryness. 
The mixed barium salts were decomposed with dilute sulfuric acid 
and the liberated acids extracted with ether and transferred to 100 
ec. of water. The resulting solution was subjected to a Duclaux 
distillation, whereby the mixture was found to consist of only 
acetic and butyric acids. 

Reduction of Propionic Acid—83 gm. of redistilled propionic acid 
were converted to the calcium salt and were added to 18 liters of 
a medium of the composition used in the preceding experiment. 
This was inoculated with 900 cc. of a seeding culture in 5 per cent 
corn mash and incubated at 37°. The fermentation was over in 
72 hours, when the culture was distilled without a column until 12 
liters of distillate were obtained. This was again distilled and the 
8 liters of condensate were fractionated through the large column 
used in the preceding experiment. The first few drops of conden- 
sate which came over at 50—-51° had a definite odor of propionalde- 
hyde and were identified as such by the skatole test described by 
Mulliken (13). As in the preceding experiment, the various frac- 
tions were treated successively with potassium carbonate, sodium 
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bisulfite, and anhydrous copper sulfate. The dry products were 
then distilled through a Podbielniak precision column, whereby 
three fractions boiling at 78.5-80°, 97.4°, and 117° were obtained. 
These were identified respectively as n-propanol (46.7 gm.), 
ethanol (15.8 gm.), and n-butanol (110 gm.). The bisufite solution 
yielded 59 gm. of acetone. The residue remaining after the 
distillation through the large column was saturated with potassium 
carbonate and extracted with ether. The ether extract yielded 
nothing of interest. 


SUMMARY 


When added to actively fermenting cultures of Clostridium 
acetobutylicum, both propionaldehyde and propionic acid are re- 
duced to the corresponding alcohol, n-propanol, without the 
accompanying formation of any other end-products which are 
not normally formed by this microorganism in the fermentation of 
carbohydrates. 

As a result doubt is cast upon the commonly accepted hypothesis 
that aldol condensation constitutes an important intermediary 
step in the formation of butyric acid and n-butanol from carbo- 
hydrates by Clostridium acetobutylicum. 
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The animal organism is ordinarily dependent upon a supply of 
the essential amino acids in the diet. This dependency, however, 
is not an absolute one, for it is possible in a number of instances to 
substitute in the diet the corresponding lactic or pyruvic acid for 
the essential amino acid. Furthermore, it has been found that 
both methionine (see Jackson and Block, 1932) and homocystine 
(du Vigneaud, Dyer, and Harmon, 1933) as well as cystine pro- 
mote growth in animals limited to types of diets previously desig- 
nated as cystine-deficient. It is possible, therefore, with certain 
limitations for the animal organism to synthesize several of the 
so called indispensable amino acids, or at least to use other sub- 
stances in their stead. It was the object of this investigation 
further to define these limitations with respect to tryptophane by 
testing the ability of the animal organism to utilize certain of the 
monomethyltryptophanes when the natural amino acid is withheld. 

The particular substances which we chose for study are three 
isomeric monomethyltryptophanes, Bz-3-methyltryptophane, Pr- 
2-methyltryptophane, and amino-N-methyltryptophane. The 
positions of the substituent methyl] groups are shown in the accom- 
panying formulas. It is to be pointed out that in each case the 
tryptophane molecule is altered by only a relatively small and inert 
methyl group and that the methyl group is firmly bound either to 
carbon or to nitrogen. 


*A preliminary report was read before the Yale Medical Society, 
November 14, 1934 (abstracted in Yale J. Biol. and Med., 7, 253 (1935)). 

+t National Research Council Fellow in Medicine, 1933-34; Alexander 
Brown Coxe Fellow, Yale University, 1934-35. | 
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| CH; NH; 


NH 
NH NH 
Bz-3-methyltry ptophane Pr-2-methyltryptophane 


NH-CH 


Amino-N-methyltryptophane 


We were particularly interested in the metabolic fate of the first 
of the aforementioned compounds, the Bz-3-methyltryptophane. 
It was hardly to be considered that this substance by loss of the 
methyl group might give rise to tryptophane. On the other hand, 
the methyl] group, remotely removed from the side chain, might be 
expected not to offer any steric hindrance to reactions in general 
or, more specifically, to the action of enzymes on the amino and 
carboxyl groups. It is further conceivable that this extra methyl 
group might not significantly affect the dissociation constant, 
solubility, or other physical and chemical properties of the amino 
acid. In other words, the derivative is a definitely but slightly 
altered tryptophane which, per se, might meet the animal’s demand 
for this type of molecule. 

The second compound, Pr-2-methyltryptophane, has already 
been subjected to the proposed test by Matsuoka and Nakao 
(1931). However, we have included it in our experiments for 
purposes of confirmation and comparison. 

The third compound, amino-N-methyltryptophane, is substi- 
tuted in the amino group. Other derivatives of tryptophane with 
substituents in the amino group have been tested as possible re- 
placements for the amino acid in the diet. For example, it has 
been demonstrated that the betaine of tryptophane and £-3-indole- 
a-uraminopropionic acid are not available to the rat as substitutes 
for tryptophane (Jackson, 1929). Benzoylation likewise destroys 
the growth-promoting property of this amino acid although acetyl- 
ation does not (Berg, Rose, and Marvel, 1929). Thus, in the 
event that the amino-N-methyltryptophane were utilized, it seems 
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most probable that it be used not directly, but subsequent to con- 
version to tryptophane or, at least, subsequent to some type of 
- demethylation. Such conversion or demethylation must involve 
a more complicated and deep seated reaction than that involved 
in the hydrolytic cleavage of an acetyl group. 

Comparatively little attention has been directed to the metabolic 
fate of N-monomethylamino acids other than sarcosine. The 
latter, though more refractory to breakdown than glycine, is appar- 
ently largely metabolized. Sarcosine administered to animals has 
been recovered to the extent of only 10 to 30 per cent (Knoop and 
Oesterlin, 1927; Friedmann, 1908); the remainder of the nitrogen 
is reported to be excreted in the form of extra urea (Salkowski, 
1880). Again, recent experiments by Brand and Harris (1935) 
on the feeding of sarcosine to a patient with muscular dystrophy 
show that about 70 per cent of the sarcosine may be accounted for 
as extra urea and 1.5 per cent as extra creatine. Friedmann 
(1908), employing chiefly a criterion of urinary carbon to nitrogen 
ratios, concluded that the racemic N-methyl derivatives of alanine, 
valine, leucine, and isoleucine were, like sarcosine, also largely me- 
tabolized. However, these researches, though demonstrating that 
N-methylamino acids may be catabolized, provide no evidence as 
to the animal’s ability to convert the monomethy! derivatives to 
the demethylated amino acids. Our study was thus expected to 
throw more light on the general question of the metabolism of N- 
methylamino acids. N-methylamino acids have not been demon- 
strated to be components of the protein molecule, but two, sarco- 
sine and N-methyltyrosine, are known to occur in nature. 


EXPERIMENTAL 
Preparation of Methyltryptophanes 


Bz-3-Methyltryptophane—This compound was synthesized ac- 
cording to Robson (1924). p-Tolylhydrazine hydrochloride was 
condensed with pyruvic acid to yield the corresponding hydrazone. 
This hydrazone was subjected to the Fischer indole synthesis. 
The resulting 2-carbethoxy-5-methylindole was saponified and the 
ammonium salt of the carboxylic acid was then heated to its 
decomposition point with the formation of 5-methylindole. In 
this step a smaller yield (46 per cent) than that of Robson (60 per 
cent) was obtained, perhaps because larger runs were made in the 
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present synthesis. Next, the 5-methylindole was converted to 
5-methylindole-3-aldehyde by means of the Reimer-Tiemann reac- 
tion. Here, a yield of 34 per cent was obtained as compared with 
Robson’s yield of 23 per cent for the same reaction. The aldehyde 
was then condensed with hydantoin; the condensation product 
was reduced with sodium amalgam and subsequently hydrolyzed 
to yield the desired amino acid. With the aforementioned excep- 
tions, yields entirely comparable to those of Robson were secured 
and the melting points of the various intermediates were in accord 
with his. However, our preparation of Bz-3-methyltryptophane 
darkened at 255°, softened at 285°, and melted with decomposition 
at 295°;! Robson reports a melting point of 259-263°; this differ- 
ence is undoubtedly of minor importance inasmuch as the decom- 
position points of amino acids determined in the usual way are 
seldom of great significance. The entire synthesis was completed 
with an over-all yield of 2.3 per cent. 

Our preparation of the amino acid crystallized from hot 50 per 
cent alcohol in the form of glistening white leaflets and gave 
positive ninhydrin, bromine water, and Hopkins-Cole color tests 
as reported by Robson. 

Analysis 


Ci2HisN2O2. Calculated. C 66.02, H 6.47 
Found. 65.77, 6.49 


We have prepared two derivatives of the amino acid which may 
be conveniently secured in practically quantitative yields. The 
phenyl isocyanate derivative, synthesized in the usual manner 
(Meyer, 1931), crystallized from aqueous methyl alcohol in color- 
less, glistening platelets and melted at 202°. With an equimolecu- 
lar quantity of picric acid in hot water solution the amino acid 
yields an insoluble picrate. The picrate, which crystallized from 
methyl alcohol in orange platelets, softened at 180° and melted 
with decomposition at 193°. 

Analysis 


Calculated. C 48.30, H 3.83 
Found. 48.65, 48.16, 4.03, 3.95 


Pr-2-Methyltryptophane—This substance was prepared essen- 
tially according to Barger and Ewins (1917) and Ellinger and 


1 All melting points are corrected. 
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Matsuoka (1914). 2-Methylindole was synthesized from acetone 
and phenylhydrazine by the method of Fischer (1886). The 
2-methylindole was then converted to 2-methylindole-3-aldehyde 
by the Gattermann reaction as modified by Adams and Levine 
(1923). Next, the aldehyde was condensed with hippuric acid 
and the resulting azlactone was hydrolyzed to 6(Pr-2-methylin- 
dolyl)-a-benzoylaminoacrylic acid. This acid was then reduced 
with metallic sodium in absolute alcohol and hydrolyzed to produce 
the desired Pr-2-methyltryptophane. The yields, except for that 
of the aldehyde,? and the melting points of the various intermedi- 
ates agreed with those in the literature. 

The amino acid crystallized from hot methyl alcohol and ether 
as minute colorless needles which, after drying at 105°, melted at 
266° with decomposition; Ellinger and Matsuoka report a melting 
point of 234° and Barger and Ewins, 263-273°. 


Analysis 
Calculated. C 66.02, H 6.47 
Found. 65.95, 6.29 


Our preparation gave a positive ninhydrin test, a greenish blue 
color in the Hopkins-Cole test, and a precipitate, but no color, 
with bromine water. It also yielded a picrate with a melting 
point of 173° with decomposition. Barger and Ewins report the 
same properties respectively for the amino acid and the picrate 
derivative. 

Amino-N-Methyltryptophane—This compound was not found 


2 Barger and Ewins secured a 75 per cent yield of the aldehyde by means 
of the Gattermann reaction. Employing zine cyanide instead of zine 
chloride and anhydrous hydrocyanic acid, and using ether as the solvent, 
we secured a yield of 50 per cent of the pure aldehyde after crystallization 
of the crude product from 50 per cent alcohol and again from toluene. A 
by-product was also isolated in amount equal to about 2 per cent of the 
aldehyde. This by-product twice recrystallized from glacial acetic acid 
was light yellow in color and melted at 240-245°. The substance dissolved 
in cold glacial acetic acid and treated with dilute aqueous potassium 
dichromate solution gives an intense purple color. It also develops a red 
color with p-dimethylaminobenzaldehyde in hot dilute hydrochloric acid. 
The analysis of the compound is as follows: C 80.07, 80.35; H 5.86, 5.89; N 
13.72, 13.82 per cent; total, 99.85 per cent. The substance contains three 
nitrogens for two methylindolealdehyde residues and therefore is appar- 
ently not a leuco base of a methylindolemethane dye of the kind studied by 
Ellinger and Flamand (1911). ; 
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described in the literature. It was synthesized by the condensa- 
tion of 3-indolealdehyde with 1-methylhydantoin and subsequent 
reduction and hydrolysis of the condensation product as shown in 
the accompanying diagram. 3-Indolealdehyde was prepared from 


CHO H:,c—CO 7 cH—=C—Co 
\ | 
OC—-NH NH OC—NH 
3-Indolealdehyde 1-Methyl- 5-(3-Indolal)-1-methyl- 
hydantoin hydantoin 
a | 
™ NH 
3-Indolyl-5-(1-methylhy- Amino-N-methyltryptophane 
dantyl)methane 


indole by the method of Majima and Kotake (1922). 1-Methyl- 
hydantoin was prepared from sarcosine essentially according to 
Weitzner (1908). 2.9 gm. of 3-indolealdehyde, 2.4 gm. of 1-methyl- 
hydantoin, and 3.3 gm. of fused sodium acetate were intimately 
mixed and 8.0 cc. of freshly distilled acetic anhydride were added. 
The mixture was heated in an oil bath at 105° for 1 hour and then 
cooled. Water was added and the oil which separated slowly 
hardened to a yellow solid. This was washed successively with 
several portions of hot water, cold alcohol, and ether. It then 
weighed 3.1 gm. The material without further purification was 
suspended in 240 cc. of 0.5 Nn NaOH and reduced with 124 gm. of 
2.5 per cent sodium amalgam which was added during the course 
of 6 hours. At the end of this time the solution was neutralized, 
whereupon the reduced product, 3-indolyl-5-(1-methylhydantyl) 
methane, separated from solution. After two recrystallizations 
from hot water following decolorization with norit, the substance 


3 One condensation in which 3 times the amounts specified above were 
used resulted in the formation of a tar which did not solidify. Only a 
relatively poor yield of amino-N-methyltryptophane could be obtained 
from this tar. 


W. G. Gordon and R. W. Jackson 157 


was obtained in the form of sheaves of almost colorless needles 
which softened at 210° and melted at 213-214°. Yield, 1.3 gm. 
(27 per cent of the theoretical). 


Analysis 
CisHi3N;02. Calculated. C 64.17, H 5.39, N 17.27 
Found. 64.21, 64.21, 5.57, 5.49, 17.28, 17.20 


1.3 gm. of the reduced product were boiled under a reflux with 
75 gm. of Ba(OH).-8H.20O in 45 cc. of water for 7 hours. The 
barium was then removed as barium carbonate and the amino-N- 
methyltryptophane was precipitated as its mercury complex by 
the addition of Denigés’ mercuric sulfate reagent. The precipita- 
tion was carried out under conditions similar to those employed for 
the precipitation of tryptophane by the mercuric sulfate reagent. 
The precipitate was decomposed with H.S and all inorganic ions 
were removed from the solution. The liquid was then evaporated 
to dryness in vacuo and a white amorphous solid which weighed 
0.69 gm., 59 per cent of the theoretical yield, was obtained. The 
product crystallized with difficulty from hot 70 per cent alcohol as 
minute colorless needles when the warm solution was allowed to 
cool in the ice box overnight. After two such recrystallizations 
the substance was analytically pure. It darkened at 280° and 
melted at 297° with decomposition. 

Analysis 


Calculated. C 66 .02, H 6.47, N 12.85 
Found. “ 65.43, 65.53, “ 6.52, 6.64, “ 12.89, 12.96 


Amino-N-methyltryptophane gives positive bromine water and 
Hopkins-Cole tests but a negative ninhydrin test. A determina- 
tion in the Van Slyke apparatus showed no amino nitrogen to be 
present in the compound. - The substance forms a water-insoluble 
picrate when treated with an equimolecular quantity of picric acid 
in water solution; the picrate, which crystallized from methyl 
alcohol and petroleum ether in red platelets, melted at 186° with 
decomposition. 

Analysis 

Calculated. C 48.30, H 3.83 
Found. “ 48 54, 48.48, “ 3.94, 3.94 


In order to establish conclusively that the methyl group in the 
amino acid is attached to the amino nitrogen, the following experi- 


158 Metabolism of Monomethyltryptophanes 


ment was carried out. A sample of amino-N-methyltryptophane 
was exhaustively methylated by the method of Engeland as ap- 
plied to tryptophane by van Romburgh and Barger (1911). The 
methyl ester of the quaternary iodide thus produced melted at 
192-193°. A sample of pure dl-tryptophane,! treated in a similar 
manner, yielded the same product with a melting point of 192—193°, 
. and a mixed melting point of the two iodides showed no depression, 
m.p. 192-193°. The corresponding substance prepared from 
l-tryptophane melted at 192—193°; van Romburgh and Barger re- 
port 197°. On the other hand, Bz-3-methyltryptophane on meth- 
ylation gave an iodide with a melting point of 196—197°; mixed 
melting point with the iodide from dl-tryptophane, 182-184°. 

Relative to the above synthesis of amino-N-methyltryptophane, 
it may be pointed out that the synthesis of N-methylamino acids 
has been accomplished by employing various derivatives of sarco- 
sine in condensation reactions with suitable aldehydes. Thus, 
Nicolet and Campbell (1928) condensed creatine with benzalde- 
hyde as the first step in a synthesis of N-methylphenylalanine. 
Condensation of benzaldehyde with 1-methylhydantoin resulted 
in a yield of 32 per cent of condensation product, a figure quite 
comparable to our yields from the condensation of indolealdehyde 
with the methylhydantoin. Heard (1933) was unable to effect a 
condensation of piperonal with either acetyl-, benzoyl-, or benzene- 
sulfonylsarcosine, but Deulofeu (1934) showed that benzoylsarco- 
sine could be condensed with several aldehydes, including piperonal. 


Animal Experiments 


The testing of the methyltryptophanes for their growth-pro- 
moting ability in albino rats maintained on a diet deficient with 
respect to tryptophane was carried out in substantially the same 
manner as that described in a previous publication (Jackson, 1929). 
Male animals at weaning were fed a complete diet until they had 
attained a weight of approximately 110 gm. ‘They were then 
transferred to the deficient diet which consisted of acid-hydrolyzed 
casein 14.7, cystine 0.3, dextrin 39, sucrose 15, salt mixture (Os- 
borne and Mendel, 1919) 4, ground agar 2, and lard 25 per cent. 
200 mg. of dried yeast and 100 mg. of cod liver oil were fed daily 


4 We wish to thank Dr. C. P. Berg of the State University of Iowa for his 
generosity in providing us with a specimen of this substance. 
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apart from the remainder of the diet. The animals were fed this 
deficient diet for a period of about 40 days during which time they 
first lost weight fairly rapidly in the usual manner and then 
attained a comparatively constant body weight. Next, the deriva- 
tives to be studied were incorporated in the deficient diet. 250mg. 
of tryptophane were chosen as 1 equivalent for inclusion in 100 gm. 
of the basal diet and the methyltryptophanes were fed comparably 
on the basis of molecular weights, 1 equivalent of any methyl- 
tryptophane being 267 mg. per 100 gm. of basal food; 2 equiva- 
lents, 534 mg., etc. The derivatives were fed for a period of at 
least 21 days. At the end of this period, if the animals did not 
show positive responses, the deficient diet was restored for a 
period of 14 days; and finally, tryptophane itself was incorporated 
in the deficient ration to demonstrate that the animals still pos- 
sessed capacity for growth. Each compound was tested on at 
least three animals and the results were entirely uniform with 
respect to each substance. 


DISCUSSION 


It is clear from the growth curves presented in Chart 1 that 
Bz-3-methyltryptophane cannot replace tryptophane in the diet.’ 
The results are negative in spite of the high degree of sensitivity of 
the method employed. A utilization of 10 per cent or less of the © 
methyl derivative administered would be detectable in these ex- 
periments. The results again illustrate the amazing specificity of 
some nutritional requirements of the animal organism. In this 
instance, the introduction of a methyl group into the amino acid 
at a point remote from the functional amino and carboxy! groups, 
and remote in general from the chemically active part of the 
molecule, entails a complete loss of availability of the substance 
to the organism. 


5 The death of Rat 5 and of two other animals (growth curves not shown) 
fed 1 equivalent of Bz-3-methyltryptophane suggested that this compound 
might be somewhat toxic. Accordingly, several young rats were fed a 
complete diet containing 1 equivalent of the substance. The animals 
continued to grow at a normal rate and exhibited no toxic symptoms. 
Furthermore, the kynurenic acid experiments (see below) showed that rela- 
tively large doses of this methyltryptophane can be tolerated by the rat. 
The deaths noted were undoubtedly due in part to the depressed nutritive 
state of the animals. 


160 Metabolism of Monomethyltryptophanes 


It should be pointed out that in a study of the mechanism of 
kynurenic acid formation from tryptophane, Robson (1928) in- 
jected Bz-3-methyltryptophane into rabbits. He was unable to 


| 
| 


Rat 46°(111) 


Cuart 1. Growth on Bz-3-methyltryptophane and on Pr-2-methyl- 
tryptophane. The diet employed during any part of an experiment is 
indicated on the graph by an abbreviation between the two downward 
arrows representing the beginning andend ofa period. Diet abbreviations: 
B = tryptophane-deficient diet, 1 Bz-3-Me = B with 1 equivalent of Bz-3- 
methyltryptophane, 2 Bz-3-Me = B with 2 equivalents of Bz-3-methy]- 
tryptophane, 1 Pr-2-Me = B with 1 equivalent of Pr-2-methyltryptophane, 
1 T = B with 1 equivalent of tryptophane. The average daily food con- 
sumption in gm. for the corresponding interval is shown by figures inserted 
between the upward arrows. The initial and final body weights are printed 
in parentheses. A dagger indicates death. Either three or four animals 
were used in connection with the testing of any one derivative, although 
the growth curves for only two are presented. 


isolate a methylkynurenic acid or kynurenic acid itself from the 
urine of the animals. We have repeated Robson’s experiments 
using the rat as the experimental animal and employing relatively 
much larger amounts of the methyltryptophane. Our findings are 
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similarly negative. Apparently, Bz-3-methyltryptophane cannot 
be utilized by the animal organism either for the promotion of 
growth or for the production of a kynurenic acid. 

The negative results with Pr-2-methyltryptophane (see Chart 1) 
are of similar interest to those obtained with the Bz-3-methyl com- 
pound though they are not as notable when one considers the more 


Cuart 2. Growth on amino-N-methyltryptophane. The designations 
for diets employed, food consumption, and body weights are the same as in 
Chart 1. Diet abbreviations: B = tryptophane-deficient diet, 1 N-Me = 
B with 1 equivalent of amino-N-methyltryptophane, 0.5 N-Me = B with 
0.5 equivalent of amino-N-methyltryptophane, 0.1 N-Me = B with 0.1 
equivalent of amino-N-methyltryptophane, 0.1 T = B with 0.1 equivalent 
of tryptophane. 


likely interference with physiological action by the substituted 
methyl group. ‘The results confirm those reported by Matsuoka 
and Nakao (1931).® 


6 The Pr-2-methyltryptophane like the Bz-3-methyl compound appar- 
ently exerts a depressing effect on the growth of the rats subsisting on the 
deficient ration. The experimental animals of Matsuoka and Nakao 
exhibited a similar reaction to this material. 
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In sharp contrast to the growth curves Just discussed are those 
depicting the growth of rats fed amino-N-methyltryptophane. 
The data presented in Chart 2 show that amino-N-methyltrypto- 
phane, unlike the other methyl derivatives, can be utilized by the 
animal organism. This availability is rather striking when one 
considers that all of the previously studied tryptophane derivatives 
with similarly stable substituents in the amino group have been 
ineffective in promoting growth. We can only speculate as to the 
mechanism which makes this particular derivative available to 
the organism of the rat. It seems improbable that the compound 
is used without undergoing some type of demethylation. 

It is possible that amino-N-methyltryptophane is demethylated 
directly by the body to yield tryptophane. We find an analogy 
for this mechanism in the ability of the animal organism to de- 
methylate other N-methyl compounds such as the N-methyl- 
xanthines, caffeine, and theophylline. The methyl groups are 
detached from the nitrogen atoms which remain as integral parts 
of the purine nucleus. 

Again, it is possible that methylamine is split from amino-N- 
methyltryptophane in a deamination similar to that which occurs 
in the normal catabolism of the amino acids. The indolepyruvic 
or indolelactic acid formed in such a reaction could then be utilized. 
We are inclined to believe this second explanation the much more 
likely one. 

In an attempt to obtain some information as to the relative 
growth-promoting ability of amino-N-methyltryptophane com- 
pared to that of tryptophane itself, a single experiment was carried 
out (see curve for Rat 8 in Chart 2). The feeding of 0.1 equivalent 
(as previously defined) of amino-N-methyltryptophane to the 
deficient animal produced only a very slight effect (average daily 
change in weight, +0.07 gm. compared to —0.11 gm. during the 
preceding 5 weeks), whereas the inclusion of 0.1 equivalent of | 
tryptophane in the deficient diet evoked a definite positive response 
(average daily change in weight, +0.52 gm.). Further, Rats 4 
and 11 (Chart 1), during the periods when 1 equivalent of trypto- 
phane was fed, grew three times as fast as did Rats 1, 3, and 10 
(Chart 2) during the periods when 1 equivalent of amino-N- 
methyltryptophane was included in the diet. Two possible expla- 
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nations may be formulated as follows: (1) The optical antipode of 
amino-N-methyltryptophane of the same configuration as d-tryp- 
tophane, the stereoisomer which does not occur in nature, cannot 
be broken down by the animal organism. (2) The aforementioned 
enantiomorph can be broken down but the conversion of dl-amino- 
N-methyltryptophane to tryptophane or to some physiologically 
available progenitor of the amino acid is not quantitative. 

Our results with the amino-N-methyltryptophane are indicative 
that other N-methylamino acids may be metabolized and utilized 
in place of the corresponding natural amino acids. , In fact, in our 
study of this general problem we have already secured evidence 
that albino rats placed under stress for glycine by poisoning with 
benzoic acid are able to employ sarcosine in the detoxication 
mechanism. 


SUMMARY 


A synthesis of amino-N-methyltryptophane has been described. 

Amino-N-methyltryptophane is capable of stimulating growth 
in rats subsisting on a diet deficient in tryptophane whereas Bz-3- 
methyltryptophane and Pr-2-methyltryptophane are ineffective 
in this respect. 
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The metabolism of amino acids by bacteria has usually been 
studied by including one or more of these acids in the media upon 
which the bacteria are grown. The rate of growth was then 
studied and the end-products isolated. Thus using Bacillus 
proteus, Tsudji (1) and Amatsu and Tsudji (2) studied the break- 
down of tyrosine and phenylalanine, Raistrick and Clark (3) 
studied the breakdown of tyrosine and tryptophane, and Hirai (4) 
the breakdown of tyrosine. In order to study quantitatively the 
course of the oxidation of several of the amino acids, we have used 
“resting’’ Bacillus proteus. These “resting’”’ bacteria in phosphate 
buffer take up no oxygen, give off no COs, do not reduce methylene 
blue, nor produce any ammonia unless an amino acid is present. 
A similar preparation of Bacillus coli was used by Quastel and 
Whetham (5). It was thus possible to get quantitative results on 
the oxygen uptake, deamination, decarboxylation, and methylene 
blue reduction of the various amino acids. 


EXPERIMENTAL 


Bacillus proteus Type X-2 was grown for 18 hours on beef extract 
agar slants at 37° and pH 7.4. They were then scraped off the 
slants, suspended in saline, and centrifuged. This washing was 
repeated three times and then the bacteria were suspended in 0.05 
M phosphate buffer of pH 7.8 so that there were approximately 
7 billion per ec. The optimum pH for the oxidation of the 
amino acids is between 7.6 and 8.3. 1 ce. of the suspension of 

165 


4 +} 
+] 
} 
ag: 
ce 
> 
+ 
4, 
2 
© 
- 
z 
> 
= 


166 Bacterial Oxidation of Amino Acids 


bacteria was used in each Warburg vessel and the volume made up 
to 2 cc. with buffer and a solution of the amino acid to be tested. 
The rate and amount of the oxygen uptake was then measured. 


8 
OXYGEN UPTAKE 


{Ne 
ALANINE 
METHIONINE 


SERINE, 


MINUTES 
60 120 150 180 210 240 270 300 330 360 


Fig. 1. The oxygen uptake of various amino acids in the presence of 
“resting’’ Bacillus proteus. Tyrosine, tryptophane, and glycine being 
oxidized more slowly have not reached their theoretical values in this 
experiment. The oxidation of the other amino acids ends sharply. See 
Table I. 


The amount of deamination and decarboxylation was determined 
at the end of the experiment. 
The curves for the oxygen uptake end sharply when a definite 
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number of atoms of oxygen have been taken up for every molecule 
of amino acid present. This is shown in Fig. 1. Except in the 
case of glycine no amino acid was oxidized completely to COs, 
H.O, and NH;._ This fact indicates that the growth and metabo- 
lism of the bacteria are inhibited and that the suspension may now 
be regarded as a group of enzymes which carry the oxidation of the 
amino acids to certain definite stages. Table I shows the amount 
and rate of oxygen uptake for each of the amino acids used. Only 
1 atom of oxygen is utilized for every molecule of leucine, phenyl- 
alanine, and methionine and these three amino acids are oxidized 
rapidly as measured by the time necessary for half the final uptake 
to be reached. Tyrosine utilized 2 atoms of oxygen and trypto- 
phane 3, and these acids are oxidized more slowly. Intermediate 
in rate are serine, alanine, and proline which utilize 3, 4, and 7 
atoms of oxygen respectively. Hydroxyproline, valine, isoleucine, 
and histidine are oxidized very slowly so no definite oxygen up- 
takes could be measured. ‘These values for the amount of oxygen 
taken up by the different amino acids are independent within 
limits of the amount of Bacillus proteus present. Thus they are 
identical when 3.5 billion or 7 billion bacteria per cc. are used. 
The absolute rates but not the relative rates of oxidation vary 
with the number of bacteria present. 

Leucine, phenylalanine, methionine, tyrosine, and isoleucine are 
not decarboxylated by the “resting” Bacillus proteus, though 
proline, tryptophane, glycine, alanine, serine, and valine are. 
The decarboxylation was measured in the Warburg vessels by the 
addition of acid at the end of the experiment. The fact that 
valine is decarboxylated despite the fact that it is very slowly 
oxidized indicates that it is attacked differently from the other 
amino acids. Its deamination is also different from that of the 
other amino acids. Hydroxyproline and histidine were oxidized 
too slowly for the COz production to be measured. 

Except for alanine and probably serine only the natural optical 
isomers of the amino acids are attacked. However, the oxygen 
uptake for 0.4 mg. of d-alanine is the same as that for 0.4 mg. of 
dl-alanine (see Table II). As only the dl-serine was available, 
it is not definite that both isomers are oxidized, although the 
ammonia production indicates that this is the case. In the other 
cases the dl mixtures take up exactly half the amount of oxygen as 
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TABLE I 


Oxygen Uptake and Methylene Blue Reduction of Certain Amino Acids in 
Presence of ‘‘Resting’’ Bacillus proteus 


lec. of “‘resting’’ Bacillus proteus, 7 billion per cc., was used, which alone 
took up no oxygen nor reduced methylene blue. Column 3 gives values for 
the O» uptake selected at random; Column 4, the calculated values for 
different numbers of atoms of oxygen; Column 5 the average rate of oxida- 
tion based on the time necessary to reach one-half the final uptake; Column 
6, the average methylene blue reduction rates with 1 cc. of 1:5000 methylene 


blue. All experiments were done at 37° and pH 7.8. 
A t | Observed Calculated O Oxidati e “KR 
e 
(1) (2) (3) (4) (5) (6) 
mg. c.mm. c.mm. min. min. 
l-Leucine............| 2.0 168 170 (1 atom) 21 13 
172 
l-Phenylalanine...... 2.0 128 136 (1 ‘“* ) 25 17 
140 
dl-Methionine........ 2.0 76 nwa 27 20 
75 
dl-Serine............. 0.2 60 61 (3 atoms)t 32 10 
62 
d-Alanine............ 0.2 100 100 (4 “* ) 40) 17 
102 
0.2 128 65 7 
132 
l-Tryptophane.......} 1.0 153 | 165 (3 =“ 86 19 
144 
l-Tyrosine........... 1.0 120 96 22 
115 
99 
2.0 114 192 (1 atom) 115 14 
113 
d-Isoleucine.......... 2.0 126 170 (1 122 11 
132 
l-Hydroxyproline..... 2.0 49 |170(1 “ ) 15 
30 
l-Histidine........... 2.0 13 144(1 “ ) 15 
19 


* For one isomer. 
t For both isomers. 
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the same quantity of the natural isomers. In the case of isoleu- 
cine and valine the presence of the unnatural isomer in the dl 
mixtures exerts an inhibitory effect on the oxidation of the natural 
isomers (Table II). This would indicate a possible combination 
between the enzyme and the unnatural iscmer which blocks the 
natural one but which is not itself oxidizable. The dl mixtures of 
histidine and hydroxyproline were not available. Only dl meth- 


TABLE II 
Oxygen Uptakes and Ammonia Production by Natural and dl Miztures of 
Certain Amino Acids in Presence of ‘‘Resting’’ Bacillus proteus, at 37° 
and pH 7.8 
The oxygen uptakes and ammonia production are calculated on the basis 
of the oxidation and deamination of both isomers. 


Amino acid Amount used 
mg. per cent per cent 
l-Phenylalanine................... 2.0 103 84 
dl-Phenylalanine.................. 2.0 49 48 
dl-Methionine..................... 2.0 50 45 
l-Tryptophane.................... 1.0 91 93 


ionine was used but the figures for the oxygen uptake show 
definitely that only one isomer is oxidized and this is in all prob- 
ability the natural one. 

Braun and von Vasarhelyi (6) have shown that certain amino acids 
added to Bacillus proteus increased the rate of reduction of methyl- 
ene blue. The preparation of “resting”? Bacillus proteus will not 
reduce this dye at all unless an amino acid is present. It was thus 
possible to measure the rate of methylene blue reduction by the 
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various amino acids and the average values obtained are given in 
Table I. It will be seen that the relative rates of reduction do not 
correspond to the relative rates of oxygen uptake. Thus isoleucine 
and valine, which are slowly oxidized, reduce methylene blue more 
rapidly than alanine and phenylalanine, which are rapidly oxidized. 
These discrepancies are similar to those found with the purified 
kidney preparation (7). The amount of enzyme present cannot 
be the limiting factor, so the rate of oxygen uptake must be con- 
trolled by the rate of formation and breakdown of the enzyme- 
substrate complex. These two factors, however, are not limiting 
in the case of the methylene blue reduction because of the small 
amount of enzyme-substrate complex which is needed to reduce 
the amount of dye present and it is therefore probable that poten- 
tial differences are important in determining relative reduction 
rates. 

The ammonia produced by the various amino acids was esti- 
mated after the oxidation was complete by a vacuum distillation 
method followed by Nesslerization. Control experiments showed 
that from 10 to 20 per cent of the ammonia was lost during the 
oxidation. The “‘resting’’ Bacillus proteus alone produced practi- 
cally no ammonia throughout the experiment, so the ammonia due 
to the amino acids was easily determined. In all cases except 
valine the ammonia production corresponded to the oxygen uptake 
and confirmed the fact that for most amino acids only the natural 
isomer was attacked. In the case of alanine and serine the 
amount of ammonia produced showed that both isomers were 
attacked. The ammonia production for valine, however, was 
considerably less than the amount that would correspond to the 
oxygen uptake. This combined with the fact that valine is 
definitely decarboxylated even before 1 atom of oxygen is utilized 
indicates that it is attacked differently from the other amino acids 
tried. The figures for ammonia production are given in Table II. 

KCN in concentrations of 0.005 m does not inhibit the oxidation 
of the unnatural optical isomers of the amino acids by the purified 
kidney preparation (7). This amount of KCN does, however, 
completely inhibit the oxidation of all the amino acids by the 
“resting” Bacillus proteus. The oxidation mechanisms are thus 
completely different in the two cases. In both cases, leucine, 
phenylalanine, methionine, and possibly isoleucine utilize only 1 
atom of oxygen per molecule and the end-products are thus prob- 
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ably the same whether kidney or Bacillus proteus is used. On the 
other hand the Bacillus proteus oxidizes all the other amino acids 
to a greater extent than the kidney. Attempts to purify the 
amino acid oxidases of Bacillus proteus have thus far failed. 


DISCUSSION 


Quastel and Whetham (5) use the term “‘resting’”’ to designate 
bacteria which are no longer growing. The preparation of Bacillus 
proteus that we used can be classified as “resting’’ for the following 
reasons. If at the end of the experiment the bacteria are streaked 
out on nutrient agar slants only a faint growth occurs. Since the 
slants represent the most favorable conditions for growth, little or 
no growth could occur when the bacteria are suspended in buffer 
under unfavorable conditions. Moreover, if growth of certain 
cells at the expense of others did occur, ammonia and CO: would 
be produced, oxygen taken up and methylene blue reduced, which 
does not happen to any appreciable extent. If the presence of an 
amino acid stimulated growth, then the curves for the oxygen 
uptake would tend to be S-shaped and the oxidation would con- 
tinue until the amino acid had been completely oxidized. The 
curves obtained, however, show a rapid rise and then a sharp end- 
point and glycine is the only amino acid completely oxidized. 
Finally the number of bacteria measured by centrifuging in Hop- 
kins tubes at the end of the experiment showed no appreciable 
increase over the number similarly measured at the beginning. 
The preparation of Bacillus proteus can be considered therefore 
as a group of enzymes which carry the oxidation of the amino acids 
to certain definite stages. 

The differences in the amount of oxygen taken up by the various 
amino acids under these conditions indicate a specificity in the 
catalysts responsible for the oxidation. Thus there are catalysts 
present that will carry the oxidation of proline, alanine, serine, 
tryptophane, and tyrosine further than that of leucine, phenyl- 
alanine, and methionine. It is interesting that differences are seen 
in the rates and amounts of oxygen taken up by such chemically 
related substances as tyrosine and phenylalanine and leucine and 
isoleucine. The results with methylene blue indicate differences 
in potential between the various amino acid-enzyme complexes 
and those differences again are not correlated with chemical 
structure. The enzymes responsible for the amino acid oxidation 
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in Bacillus proteus can now be classified as dehydrogenases similar 
to the succinoxidase, whereas those in mammalian kidney can be 
classified as dehydrogenases similar to xanthine oxidase. The 
difference lies in their different susceptibility to KCN. 

A few experiments were done with Bacillus coli. <A “‘resting’’ 
preparation of these bacteria will only oxidize serine, alanine, and 
glycine. Methylene blue is also reduced by these amino acids. 
The other amino acids are attacked very slowly or not at all. 


SUMMARY 


1. In the presence of “resting” Bacillus proteus certain amino 
acids are oxidized, decarboxylated, and deaminated. 

2. Leucine, phenylalanine, and methionine are oxidized rapidly 
and 1 atom of oxygen is utilized per molecule. Serine, alanine, 
and proline utilize 3, 4, and 7 atoms respectively. The oxidation 
of tyrosine and tryptophane is slower and 2 and 3 atoms respec- 
tively are used. Valine, isoleucine, hydroxyproline, and _histi- 
dine are oxidized so slowly that no definite uptakes were obtained. 
Glycine is completely oxidized. 

3. Only the natural optical isomers are oxidized, except in the 
case of alanine and serine, both isomers of which are attacked. 

4. The deamination corresponds with the oxidation except in 
the case of valine. 

5. Only alanine, serine, proline, valine, and tryptophane are 
decarboxylated. 

6. 0.005 mM KCN completely inhibits the oxidation of these amino 
acids. 

7. Methylene blue is reduced by the amino acids in the presence 
of the “resting’’ Bacillus proteus but at varying rates which are 
not correlated with the rates of oxygen uptake. 
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NEW REACTIONS OF LACTOBIOSE AND CELLOBIOSE* 
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(From the Katser Wilhelm Institute for Leather Research, Dresden, Germany) 


(Received for publication, April 12, 1935) 


Glucose can be converted into the tetraacetate of hydroxyglucal 
(I) by the method of Maurer (1). The free hydroxyglucal has 
not been obtained so far; it is apparently rather unstable and 
easily transformed into other compounds. 

Bergmann and Zervas (2) have been able to isolate the osazones 
of two transformation products of hydroxyglucal. One of these 
(III), m.p. 187°, is formed when tetraacetylhydroxyglucal is sa- 
ponified with ammonia in methanol and then treated with phenyl- 
hydrazine. In this case hydroxyglucal reacts in the keto form 
(I-a).! The osazone is derived from the diketone (II). The 
second osazone, m.p. 182°, is formed by the addition of an acetic 
acid solution of phenylhydrazine to tetraacetylhydroxyglucal and 
subsequent removal of the remaining acetyl group. Apparently, 
by the action of phenylhydrazine the keto form (I-a) splits off 
water to form the diketone (IV) or its tautomeric form (IV-a), 
and this is isolated as the phenylosazone. Thus, during the vari- 
ous steps of conversion of glucose into hydroxyglucal and diketone 
([V-a), water is split off twice, and of the original asymmetry of 
glucose only that at carbon atom (5) is left. 

In the present paper the series of reactions, glucose — hydroxy- 
glucal — diketone (IV-a), was applied to cellobiose. The first 
step, the conversion of cellobiose into the heptaacetate of hydroxy- 
cellobial, has already been described by Zemplén and Bruckner 
(3). We have saponified this heptaacetate with sodium methylate 
and treated the product with phenylhydrazine. Thus, osazone 
(V) and glucosazone were obtained. During the process of forma- 


* The experiments reported in this paper were completed more than 
2 years ago. 
1 (I-a) is 1,5-anhydrofructose. 
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tion of osazone (V) from hydroxycellobial (VI), the glucosyl group 
CsH10¢ is split off from carbon atom (4) of the unsaturated sugar. 


HO-CeoH 0 


Cela | 


v. 


EC 
" 
HO-C 
0 
105 


CH20H 


VI. 


This splitting is not effected by acid hydrolysis; throughout all of 
these reactions the substance comes into contact only with n/3 
acetic acid for a very short time, at low temperature and in the 


Celig*KaH=C 


105 | 
HeC 

CH OH 


VII. 


EC HEC H.C 
HOCH 0 0 
H-C*OH | H-C-OH | H°C+OH | 
HC H-c 
a 4 
CH,0H CH, 0H CH,0H 
I. I-a. Il, 
HeC HC HAC 
n 
| | o=0 | 
Calg H=C 0 0 
“ 
H-C-08 | HC | HeC | 
{ 
H-C HeC H-C 
t 
CHe OH CH. 08 CHe OH 
III, Iv. IV-a, 
HC 
| 
| 
0 
H-C 
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presence of sodium acetate. At this pH the disaccharide linkage 
cannot be hydrolyzed. It must therefore be assumed that the 
glucosyl group is split off from carbon atom (4) together with a 
hydrogen atom from carbon atom (3), forming glucose. This is 
exactly analogous to the splitting off of water from carbon atoms 
(3) and (4) in the transition of (I-a) into (IV). Hydroxyglucal, 
which is so easily transformed into compound (IV), is a derivative 
of fructose. ‘Therefore it seems necessary to investigate whether 
during the biological conversions of fructose similar splitting proc- 
esses occur.’ 

The same splitting as with hydroxycellobial heptaacetate was 
observed with hydroxylactobial heptaacetate; here, again, two 
osazones were isolated—osazone (V) and galactosazone. 

From the saponification of the acetates of hydroxycellobial and 
hydroxylactobial (VI) with sodium methylate and addition of 
phenylhydrazine, we obtained, in addition to osazone (V) and a 
hexosazone, another osazone which appeared to be different in the 
case of hydroxycellobial and hydroxylactobial. We suggest for- 
mula (VII) for each of these and assume that they differ only in 
the hexosido residue; it is a glucosido residue in one case and a 
galactosido in the other. 

A pentaacetate of osazone (VII) was formed by direct action of 
phenylhydrazine upon hydroxycellobial heptaacetate; the osazone 
(VII) was obtained by saponification of this substance. The high 
rotation and large mutarotation of these two osazones are striking. 
The pentaacetate of (VII) from hydroxycellobial acetate showed 
in pyridine a specific rotation increasing from +226°% to +311°, 
while the acetyl-free osazone in pyridine showed a specific rotation 
decreasing from +196°% to 0°. Bergmann and Zervas (2) have 
described a similar large mutarotation for the osazone (III) which 
can be regarded as the parent substance of the osazone (VII). 


2 De Jong (4) has prepared the HCN-glucoside gynocardin from Gyno- 
cardia odorata (chaulmoogra seed) and obtained from this, by the use of 
emulsin, a diketone CsHsO,, whose osazone C;sH20O,N, melts at 177°. 
This has the same formula as our osazone which melts at 182° (corrected). 
Unfortunately, we have not been able to compare the osazone from gyno- 
cardin with our osazone (V) and to determine whether such a.diketone is a 
constituent of a natural glucoside. 

310 minutes after dissolving. 
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We wish at this point to acknowledge the kind assistance of 
Dr. William F. Ross in preparing this manuscript. 


EXPERIMENTAL 


Osazones from Hydroxycellobial Heptaacetate—The heptaacetate 
was prepared by the method of Zemplén and Bruckner (3). The 
melting point was found to be 128°. Heptaacetylcellobiosidodi- 
ethylamine with a melting point of 186° (corrected) was obtained 
as a by-product. 


= —15.4° (in chloroform) 
C39Hg;O17N. Calculated. C 52.1, H 6.6, N 2.0 
691.4 Found. ** §2.0, ‘* 6.8, ** 2.0 


The osazones obtained by saponification of the heptaacetate with 
sodium methylate are described first. 

To 4.7 gm. of hydroxycellobial heptaacetate 53 cc. of N sodium 
methylate solution were added at —10° in several successive por- 
tions. After 12 minutes, 35 ec. of ice water and 4 ce. of glacial 
acetic acid were added, the solution was evaporated 7n vacuo to a 
volume of 40 cc., and 3 ec. of pure phenylhydrazine and 10 cc. of 
glacial acetic acid were introduced into the solution. Three differ- 
ent osazones were obtained. 

Fraction 1—The first osazone separated out immediately as a 
yellow, crystalline precipitate. After 1 hour, it amounted to 
1.0 gm. (41 per cent of the theory). Recrystallized twice from 
dilute ethanol (50 per cent), it melted at 183-184°. 


— 1.61° 2.5999 
0.5 X 0.0535 XK 0.9850 
CisHepON,. Calculated. C 66.6, H 6.2, N 17.3 
324.2 Found. 66.8, 6.4, 17.2 


—159° (in pyridine) 


= 


This is osazone (V) for which Bergmann and Zervas (2) have found 
a melting point of 183° and [a]}’ = —159.8° (in pyridine). 
Fraction 2—F rom the mother liquor of the above, an additional 
1.35 gm. precipitated overnight. From a hot alcoholic solution of 
this substance, 0.35 gm. of yellow needles with a melting point of 
217-218° (corrected) formed. These were recrystallized for anal- 


ysis. 
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2.95° X 2.0218 


= +195.5° (10 minutes after dissolving in 
pyridine) 
CeosHsoOsNy. Calculated. C 57.3, H 6.0, N 11.2 
502.3 Found. ** 57.2, ** 6.2, ** 11.4 


The rapid decrease in rotation is shown in Table I. An osazone 
possessing the same unusual properties, the same chemical con- 
stitution, and the same melting point is described later in this 
paper. Both are evidently identical and may be assigned for- 
mula (VII). 

Fraction 3—From the mother liquor of the two osazones described 
above, 1.22 gm. of another osazone crystallized during the course 
of 2 weeks. After recrystallization, first from pyridine-water and 
then from 70 per cent alcohol, the osazone melted at 212—213° 


TABLE I 
Rotation of Osazone Fraction 2* 


10 15 20 25 30 40 60 90 | 120 


Observed dextroro- 


tation, 5cm. tube, 
2.95} 2.38; 1.94 1.60) 1.33) 0.92; 0.41/0.14)0.06 
lalb, degrees......... 195.5 |157.7 128.6 |106.0 |88.1 (61.0 {21.8 9.3 4.0 


* Both readings for 150 and 180 minutes were 0.00. 


(corrected, decomposition). In the pyridine-alecohol mixture 
of Neuberg (5) this osazone showed a rotation of —1.49°, while 
—1.50° is that accepted for glucosazone. The substance was 
therefore glucosazone. Yield, 45 per cent. 

The direct action of phenylhydrazine on hydroxycellobial hepta- 
acetate proceeded in the following way: 5 gm. of heptaacetate 
were boiled in 25 cc. of acetic acid (50 per cent) with 5 gm. of 
phenylhydrazine for 4 minutes. The oil which separated out upon 
cooling was dissolved in 15 cc. of absolute ethanol. Soon the sepa- 
ration of fine yellow needles began; yield, 2 gm. (35 per cent of 
theory) after cooling overnight. Recrystallized from absolute 
ethanol, the osazone melted at 175° (corrected, decomposition). 
This is the pentaacetate of osazone (VIT). 


Na. Calculated. 57.3, H 5.7, N 7.9 
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0.0421 gm. of osazone was dissolved in dry pyridine, giving 
2.0162 gm. of solution; specific gravity 0.986. Strong mutarota- 
tion was observed as indicated in Table II. Another preparation 
showed a final rotation of [a]*? = +326° in the 0.5 dm. tube. 

In order to obtain the acetyl-free osazone, 0.7 gm. of acetyl- 
osazone was dissolved in 25 cc. of anhydrous chloroform, and 5 
moles of N sodium methylate were added at 0°. The solution was 
warmed to room temperature after 5 minutes, acidified with acetic 
acid after 30 minutes, and evaporated in vacuo. After repeated 
digestion with cold water the precipitate was filtered off by suction, 
dissolved in alcohol, precipitated with water, and recrystallized 
from a small quantity of alcohol. Yield, 0.25 gm., m.p. 216° 
(corrected). A mixture with the osazone (VII) described above 
showed a melting point of 217°. 


TABLE II 
Rotation of Osazone Dissolved in Dry Pyridine 
10 20 30 60 120 150 180 
Observed dextrorotation, 
1 dm. tube, degrees...... 4.65) 5.30) 5.67) 6.29) 6.39) 6.39) 6.40 
226.0 |257.0 |275.0 |306.0 |310.0 |310.0 |311.0 


A solution of this osazone in pyridine had a specific rotation of 
about +190° 10 minutes after solution. In the course of 3 hours 
the rotation had fallen to 0°. 

Osazones from Hydrozylactobial Heptaacetate—In the preparation 
of the heptaacetate by Maurer’s method (1) we obtained as a by- 
product heptaacetyllactosidodiethylamine, m.p. 145-146° (cor- 
rected). 


CsoHqsOi17N. Calculated. C 52.1, H 6.6, N 2.0 


The saponification of 4.7 gm. of hydroxylactobial heptaacetate 
with sodium methylate and the transformation into osazones were 
carried out in exactly the same manner as has been described 
above for hydroxycellobial heptaacetate. Again, three different 
osazones were isolated. 

Fraction 1—The first osazone precipitated rapidly to the extent 
of 1.8 gm. This was, however, a mixture and the quantity was 


f 
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reduced to 0.9 gm. by a quick recrystallization from 100 cc. of hot 
alcohol (50 per cent). The separation can also be effected by 
extraction with cold acetone and precipitation of the filtrate with 
water. Golden yellow needles with a melting point of 183° (cor- 
rected, decomposition) were obtained. 


[a]5 = —155° (in pyridine) 
CisH2002N,y. Calculated. C 66.6, H 6.2, N 17.3 
324.2 Found. 66.4, 6.2, 17.0 

66.8, 6.3, 17.3 


‘There can be no doubt that this is osazone (V). During the 
purification of this substance a considerable quantity of another 
osazone had been removed, which was identical with the following 
second osazone; it was united with it. 

Fraction 2—0.95 gm. of this osazone was obtained from the 
mother liquors of the above substance. It was recrystallized from 
70 per cent alcohol. Yellow needles with a melting point of 239- 
240° (corrected, decomposition) were obtained. The substance is 
so difficultly soluble in all common solvents that the rotation was 
not determined. 


Calculated. C 57.3, H 6.0, N 11.2 
502.3 Found. “ 57.3, “6.3, © 11.2 


Fraction 3—As a third osazone we obtained in the course of 6 
days 0.6 gm. of galactosazone with a melting point of 195° (cor- 
rected, decomposition). 


SUMMARY 


1. There are described reactions leading from cellobiose and 
from lactobiose to a diketone CsHsO0, and to two diketones 
CsHy05-O-CsH7O,4. These diketones have been isolated as osa- 
zones. 

2. During the formation of the diketone CsH;O, there occurs a 
splitting of the disaccharide linkage. This splitting is not a 
hydrolysis. 

3. The osazone of the diketone CsH,,O;-O-CeH7O,., formed by 
successive transformations of cellobiose, shows a large mutarota- 
tion. The osazone of the constituent diketone CsH;Os, investi- 
gated by Bergmann and Zervas, also had a large mutarotation. 
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Recently it was shown (1) that kidney tissue contains a factor 
which strongly inhibits the action of the enzyme glyoxalase. The 
inhibitor does not act on the enzyme itself, but exerts its effect by 
destroying the specific coenzyme, reduced glutathione. This de- 
struction does not involve the sensitive sulfhydryl group, which 
remains intact. 

The work now reported indicates that the action of this kidney 
antiglyoxalase is to be explained as an enzymatic hydrolysis of 
the glutathione molecule into fragments which are not able to 
activate glyoxalase. This conclusion has been reached on the 
basis of the following considerations. First, the inhibitor ex- 
hibits a number of properties indicative of its enzymatic nature. 
It is associated with protein, being precipitated by the common 
protein precipitants; it is non-dialyzable through collodion or 
parchment; it is thermolabile, being completely destroyed in 10 
minutes at 70°; and it is rapidly destroyed by incubation (room 
temperature) at pH values below 4, but is quite stable on the 
alkaline side. Secondly, when pure glutathione is incubated 
with kidney antiglyoxalase solutions, a rapid increase occurs in 
free —COOH groups. The increase stops sharply at a value 
corresponding fairly closely to the theoretical for complete hy- 
drolysis of one —-NHCO— linkage based on the amount of gluta- 
thione originally present. The rate of —COOH increase is essen- 
tially the same as the rate at which the glutathione originally 
present loses its ability to activate glyoxalase. The rate of hy- 
drolysis depends upon the reaction of the medium, a sharp maxi- 
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mum occurring near pH 7. Oxidized glutathione is also hydro- 
lyzed by kidney extracts at a rate considerably higher than that 
for the reduced form. In this case, also, the increase in —COOH 
groups stops sharply near the theoretical value for complete hy- 
drolysis of two —NHCO— linkages per GSSG molecule. 

No attempt has been made to isolate the hydrolysis products. 
A number of preliminary experiments were carried out with Zim- 
merman’s (2) color test for glycine, as modified by Patton (3). 
The results obtained point to the conclusion that the products 
formed are glycine and glutamylcysteine. When the glycine test 
is applied directly to the hydrolyzed reaction mixture, an intense 
blue color develops, which obscures the green glycine color. If 
the reaction mixture is oxygenated before applying the test, a 
green color is obtained, which in completely hydrolyzed mixtures 
corresponds to 88 per cent of the theoretical quantity of glycine. 
The intense blue color is probably due to glutamyleysteine. This 
compound may also be responsible for an intense red color which 
results with Sullivan’s (4) cysteine reagent. These latter two points 
cannot be proved definitely until the dipeptide becomes available. 

As far as we know, this represents the first description of an 
enzyme which hydrolyzes reduced glutathione directly. Mason 
(5) has reported an enzymatic hydrolysis of reduced glutathione 
by glycerol extracts of intestinal mucosa. However, during the 
long incubation period employed (5 days at 37°), glutamic acid is 
spontaneously split off, and it is probable that the ereptic enzymes 
were hydrolyzing cysteinylglycine rather than the intact gluta- 
thione molecule. In view of the mild conditions employed in our 
work (4 to 6 hours incubation at 25°), and of the results of the 
glycine color tests, a similar explanation is unlikely in the case of 
kidney extracts. 

Grassmann, Dyckerhoff, and Eibeler (6) found that pancreatic 
carboxypolypeptidase splits glycine from oxidized glutathione, 
but is without effect on the reduced form. In an attempt to de- 
termine whether pancreatic antiglyoxalase, first described by 
Dakin and Dudley (7), is also enzymatic in character, these ex- 
periments were repeated with a partially purified pancreatic 
carboxypolypeptidase. In agreement with the above workers, 
it was found that this material hydrolyzes oxidized glutathione 
very rapidly, two —NHCO— linkages being split in each GSSG 
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molecule. Reduced glutathione is also split, but at a much slower 
rate. These experiments have not been completed, but results 
thus far obtained indicate the probability that at least a portion 
of the antiglyoxalase activity is due to enzymatic action on 
glutathione. It is of interest that extracts of liver and spleen, 
which contain no antiglyoxalase, do not hydrolyze either oxidized 
or reduced glutathione. 

Recently Girsavicius (8) has offered a new explanation for the 
action of pancreatic antiglyoxalase. He suggests that the in- 
hibition of glyoxalase observed in the presence of pancreas prep- 
arations is due to histidine or other basic amino compounds, 
formed by enzymatic breakdown of native protein present in the 
reaction mixtures. We have not been able to confirm his observa- 
tions. High concentrations of d- and /-histidine had no appre- 
ciable effect on glyoxalase activity as measured by the manometric 
method. 


EXPERIMENTAL 


Preparation of Active Samples of Kidney Antiglyoxalase—For 
estimating the antiglyoxalase activity of various kidney prepara- 
tions, and calculating the units of antiglyoxalase present, the 
method described in the previous paper (1) of this series was 
employed throughout. Active preparations have been obtained 
by the following procedures. 

(a) Extraction of Fresh Tissue with Water or Glycerol—A weighed 
amount of fresh kidney tissue is minced in a Latapie grinder, or 
with sand, and allowed to stand at room temperature for 30 
minutes with the desired quantity of water (5 to 40 parts), and 
shaken occasionally. After the mixture is centrifuged, the super- 
natant liquid is withdrawn and preserved in the ice box. This 
represents the usual method for obtaining active preparations for 
the experiments described in the present paper. Similar extracts 
made with 60 per cent glycerol are also highly active. Ethyl 
alcohol (58 per cent) does not extract the active factor from minced 
tissue, but partially precipitates it from aqueous solution. 

(b) Acetone-Ether-Dried Preparation—Freshly minced tissue is 
treated three times with successive portions of acetone (10 parts) 
and two times with ether (10 parts), 10 minutes being allowed for 
each treatment, and then the solvent is decanted. After the 
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residue is dried overnight at room temperature, it is finely sifted. 
Aqueous suspensions of this material show strong antiglyoxalase 
action, but none of the active principle passes into solution in 4 
hours, being completely removed with the residue when centri- 
fuged. An active dry preparation may also be obtained by pre- 
cipitating a glycerol extract of fresh kidney with acetone, and dry- 
ing the precipitate with successive portions of acetone and ether. 
Preliminary experiments indicate that the antiglyoxalase in such 
a preparation may be partially extracted with water. 

(c) Precipitation by Acetate Buffer at pH 4—A partial purification 
of the antiglyoxalase may be obtained by adding 1 cc. of m/3 
acetate buffer of pH 4.0 to 10 cc. of a 1:5 aqueous kidney extract. 
The precipitate which forms contains practically all of the anti- 
glyoxalase. The mixture is centrifuged at once, and the super- 
natant liquid, which still contains large amounts of protein, is 
discarded. The residue is made up to 10 cc. with water, neutral- 
ized to approximately pH 6.8 with 0.1 cc. of 5 per cent NaHCoO,, 
and dialyzed for 4 hours through collodion to remove excess buffer. 
Since antiglyoxalase is rapidly destroyed by standing at pH 4.0, 
it is necessary to limit as much as possible the time it remains at 
that acidity. A stable colloidal suspension is obtained after 
dialysis. 

Some General Properties of the Inhibitor—That the inhibitor is 
associated with the protein fraction of the kidney extracts is 
indicated by the preceding experiment on its precipitation by 
acetate buffer. Depending on the concentrations employed, par- 
tial or complete precipitation is obtained also by treatment of 
kidney extracts with NasSO,, (NH,)2SO., and NaCl. Sulfosali- 
eylic acid precipitates the inhibitor completely. Additional evi- 
dence for its protein nature is its non-dialyzability through collo- 
dion or parchment. The slight loss of activity which sometimes 
occurs on long dialysis is probably due to inactivation of the 
inhibitor. 

Table I shows that rat kidney antiglyoxalase is completely in- 
activated by heating for 10 minutes to 70° or higher. At 50° no 
inactivation occurs in this time. A slight loss occurs in 24 hours 
at 25°, and apparently a slight increase in the same time at 5°. 
It has been observed a number of times that the antiglyoxalase 
activity of fresh kidney extracts increases with time on standing 
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in the ice box. This phenomenon may perhaps be explained by 
an increase in the concentration of active inhibitor brought about 
by more complete elution from the native protein present in the 
extract, or by the disappearance of interfering substances. These 
experiments were carried out on aqueous rat kidney extracts 
(1:40) heated in a test-tube inserted in a water bath at the desired 
temperature, the antiglyoxalase activity being measured as be- 
fore (1). Similar results were obtained with pig kidney extracts. 
To determine the effect of pH on the stability of antiglyoxalase, 
a preparation of acetone-ether-dried pig kidney was used. To 10 
ec. portions of a 4 per cent suspension were added 2 cc. of 0.1 M 
phosphate-citrate, or borax-Na,CO; buffer solutions of the de- 


TABLE [ 
Thermolability of Rat Kidney Antiglyoxalase 


Treatment of extract |Antigly — 10 ce. 
units 


sired pH. After standing for 2 hours at room temperature the 
mixtures were centrifuged, the residues washed with water to re- 
move excess buffer, centrifuged again, and the residues finally made 
up to the original volume of 10 ce. Portions (0.25 ec.) of the 
suspensions were then tested for antiglyoxalase activity in the 
usual manner. The results, shown in Table II, indicate that 
antiglyoxalase is stable under these conditions within the pH range 
of 5 to 8 inclusive. Outside of these limits the inhibitor is par- 
tially destroyed in 2 hours, the effect increasing as the pH is de- 
creased below 5, or increased above 8. Qualitatively similar re- 
sults were obtained with aqueous extracts of fresh pig and rat 
kidney. In this case the buffer, which interferes with the glyoxa- 
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lase reaction, was removed by dialysis through collodion. No loss 
of antiglyoxalase activity due to dialysis could be observed in 
unbuffered controls during the 2 hours allowed for the process. 

It was previously found (9) that kidney antiglyoxalase is inac- 
tive in intact slices of kidney tissue, the glyoxalase activity of the 
latter proceeding at a constant rate for a long period of time. 
When, however, an aqueous extract of kidney is prepared, the 
antiglyoxalase immediately begins to act, so that such extracts 
show no, or at most only a slight, glyoxalase activity. It was of 
some interest to determine whether solutions of kidney antiglyoxa- 
lase are able to inhibit glyoxalase activity of intact slices of other 


TABLE IT 
Effect of pH on Stability of Kidney Antiglyozalase 
PH of buffer added Antiglyoxalase in 1 gm. dry powder - 
units 
No buffer 154 
2.8 31 
3.6 114 
4.0 137 
4.8 147 
5.2 159 
6.0 155 
73 153 
8.0 155 
10.0 128 
11.0 120 
Na2CO; (1% for 22 hrs.) 55 


types of tissue. The technique for measuring glyoxalase in slices 
of tissue has been described (9). No glutathione was added. In 
one series of experiments 0.25 ce. portions of aqueous rat kidney 
extract (1:2.5 to 1:50) were added to approximately equal 
amounts of thinly sliced rat liver, and the glyoxalase activity 
followed during 30 minutes. In a second series, liver slices were 
allowed to stand for 2 hours in rat kidney extracts of varying con- 
centration (0.25 ec. of aqueous rat kidney extracts, ranging from 
1:2.5 to 1:40, diluted with 1.75 cc. of Ringer’s solution). After 
the incubation period, the slices were rinsed in Ringer’s solution 
and their glyoxalase activity determined. For controls, liver 
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slices were incubated for 2 hours in pure Ringer’s solution and 
then tested for glyoxalase activity. The results obtained in the 
two sets of experiments indicated that the antiglyoxalase had 
exerted practically no inhibiting effect on the glyoxalase activity 
of the slices. In some cases small inhibitions were obtained, 
which were very irregular, and may have been within experimen- 
tal error. These results tend to show that antiglyoxalase does 
not penetrate the cells due to its protein character. 

Action of Rat Kidney Extract on Pure Glutathione. Correlation 
of —COOH Increase with Antiglyoxralase Activity—30 mg. of pure 
glutathione were dissolved in 1.25 ec. of water and adjusted to 
pH 6.8 (brom-thymol blue) by addition of 0.85 ec. of 0.1135 N 
NaOH. To this solution was added an equal volume of freshly 
prepared 1:15 aqueous extract of rat kidney. Immediately after 
mixing, 14 c.mm. were removed, treated with 150 c.mm. of a 
1:1 mixture of absolute alcohol and acetone containing 0.005 per 
cent of thymol blue, and titrated for free —COOH with 0.05 
N tetramethylammonium hydroxide, by the Linderstrgm-Lang 
microtechnique (10).!. This represents the blank titration. At 
the same time, 0.28 cc. of the reaction mixture was treated with 
1.72 cc. of water and 2.0 cc. of 4 per cent sulfosalicylic acid, heated 
for 2 minutes in a boiling water bath, and filtered. 1.0 cc. of the 
filtrate (0.5 mg. of GSH) was titrated for sulfhydryl by the iodate 
procedure of Woodward and Fry (12), and 0.2 ec. (0.1 mg. of GSH) 
was analyzed for glutathione by the manometric method of Wood- 
ward (13). The iodate method measures sulfhydryl, while the 
manometric method measures the actual glutathione present which 
is still able to activate glyoxalase. These values, obtained im- 
mediately after mixing the glutathione and kidney extract, repre- 
sent the amount of glutathione originally present. The gluta- 
thione-kidney mixture was then incubated at 25°, and at intervals 
similar aliquots were removed and analyzed in the same manner. 
The results are shown in Fig. 1. The —-COOH increase has been 
calculated as per cent increase, assuming that 100 per cent repre- 
sents the theoretical value (6.52 ce.mm. of 0.05 N alkali) for com- 
plete hydrolysis of one —NHCO— linkage. The glutathione 


1 This method, developed by Linderstrgm-Lang, Weil, and Holter, is 
similar in principle to the macromethod of Willstatter and Waldschmidt- 
Leitz (11). The exact details have not yet been published. 
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values are plotted as per cent loss, as determined by the mano- 
metric method, and represent loss of ability of the glutathione to 
activate glyoxalase (7.e., rate of antiglyoxalase action). 

Examination of Fig. 1 shows that —-COOH increase and loss of 
glutathione both occur rapidly, and, at approximately the same 
rate, and that both reactions come to a standstill at about the 
same time. It must be concluded, therefore, that the two reac- 
tions are related, and that kidney antiglyoxalase acts by splitting 
one —NHCO— linkage in the glutathione molecule. 


PERCENT 


i 
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Fic. 1. Incubation of reduced glutathione with rat kidney extract. 
Curve A, per cent loss of GSH; Curve B, per cent increase in —COOH. 


Somewhat disturbing is the fact that the —-COOH increase 
sometimes, as in Fig. 1, proceeds considerably beyond the theoreti- 
cal value for hydrolysis of one —-NHCO— linkage before coming 
to a standstill. The reason for this is not yet clear. In a series 
of similar experiments the reaction came to a standstill when the 
following —-COOH increases (in ¢.mm. of 0.05 N alkali) were 
reached: 6.84, 5.73, 6.11, 8.21, 5.66, and 7.61 (average, 6.69), 
as compared to a theoretical value of 6.52. Extracts which had 
stood in the ice box several days, as well as preparations purified by 
acetate precipitation, occasionally gave high values. One ex- 
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planation is that some digestion of the native protein may have 
occurred, with resulting increase in —COOH above the theoretical. 
It has been found that dilute kidney extracts, such as were used 
in the experiments just described, yield a scarcely perceptible in- 
crease in—COOH when incubated for 6 hours in the absence of 
glutathione. In the presence of cysteine in amounts equivalent 
to the glutathione used, a slight increase in —COOH occurs (0.60 
c.mm. of 0.05 N alkaliin 4 hours). This is not sufficient to account 
entirely for the excess above theoretical sometimes obtained. But 
it suggests the possibility that glutathione itself may be more 
effective than cysteine in activating the hydrolysis of the native 
proteins. There is, of course, the possibility that the second 
—NHCO— linkage in the glutathione molecule is partially hy- 
drolyzed, although if this is the case, it is difficult to see why the 
reaction should come to a standstill so sharply at a point far re- 
moved from that corresponding to complete hydrolysis of both 
-—-NHCO— linkages. 

Another point which deserves mention concerns the autoxida- 
tion of sulfhydryl which occurs during the course of the reaction, 
since no precautions were taken to work under anaerobic con- 
ditions. In the experiment described in Fig. 1, 30 per cent of the 
titratable sulfhydryl had disappeared in 4 hours. This does not 
all represent autoxidation of glutathione, since the product 
formed during the partial hydrolysis (probably glutamyleysteine) 
still contains sulfhydryl which will be subject to autoxidation 
also. It is probable that a large part of the 30 per cent loss of 
sulfhydryl observed is due to autoxidation of this product, since 
a solution of pure glutathione made up to pH 6.8 in the absence 
of kidney extract lost only 10 per cent of its titratable sulfhydryl 
in4 hours. The 30 per cent loss observed in the above experiment 
is larger than is usually observed. In an exactly similar experi- 
ment, with a different kidney extract, a loss of only 6.8 per cent 
in sulfhydryl had occurred when all the glutathione had dis- 
appeared (as measured by loss of ability to activate glyoxalase). 
These results support our previous finding (1) that the action of 
kidney antiglyoxalase on glutathione does not involve destruction 
of the sulfhydryl group. In a succeeding section of this paper it is 
shown that oxidized glutathione is more rapidly hydrolyzed by 
kidney extracts than is the reduced form. The possibility that 
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reduced glutathione is hydrolyzed only after first being converted 
to the oxidized form is ruled out by the results of the above ex- 
periments, since a large part of the sulfhydryl remains intact. 

Nature of Hydrolysis Products—The work of Grassmann, Dyck- 
erhoff, and Eibeler (6) on the hydrolysis of oxidized glutathione 
into glycine and diglutamylcystine by pancreas led us to suspect 
that the hydrolysis of reduced glutathione by kidney extracts 
would result in the formation of glycine and glutamyleysteine. 
Experiments were therefore carried out on the reaction mixtures, 
with Zimmermann’s (2) glycine color test as modified by Patton 
(3). It was found that the dilute rat kidney extracts used (1:30) 
gave a negligible color with the reagent,? even after 6 hours incu- 
bation at 25°. Pure glutathione likewise gave a negligible color. 
The test could therefore be applied without preliminary removal 
of tryptophane and ammonium ion. 

A mixture of glutathione and rat kidney extract, identical with 
that employed in the experiment illustrated by Fig. 1, was pre- 
pared. Immediately 1 cc. was removed, diluted to 5 ec. with 
water, and tested directly with the glycine reagent. No color 
was obtained. The glutathione-kidney mixture was then incu- 
bated at 25°, and the glycine test repeated at intervals. Surpris- 
ingly, after 30 minutes a faint blue color was obtained. ‘This 
deepened with each succeeding test, until after 4 hours a very in- 
tense blue color was obtained. Separate tests showed that the 
—COOH increase had reached its maximum (7.92 c.mm. of 0.05 
N alkali) at that time. A 1 cc. portion of the reaction mixture 
was then heated for 5 minutes in a boiling water bath to stop 
further enzyme action, and a slow stream of oxygen was bubbled 
through it overnight. The mixture now gave a strong green 
glycine color, which corresponded to 1.5 mg. of glycine as com- 
pared to a theoretical value of 1.7 for complete splitting off of the 
glycine (z.e., 88 per cent of the theoretical). The green color was 
not permanent; when the test solution was allowed to stand it 
slowly turned deep blue again. 

Separate experiments showed that the blue color was not due 
to cysteine or cysteinylglycine, prepared as described by Mason 

2 We are greatly indebted to Dr. A. R. Patton of the Division of Agri- 


cultural Biochemistry, University of Minnesota, for supplying us with the 
glycine color reagent, o-phthalic dialdehyde. 
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(5) by incubation of glutathione in aqueous solution for 5 days at 
62°. The former gives a light brown color and the latter a very 
pale yellow. Glutamic acid likewise gives a pale yellow color. 
We explain these findings as follows: Kidney antiglyoxalase hy- 
drolyzes glutathione into glycine and glutamylcysteine. The 
latter gives an intense blue color with the glycine reagent which 
masks the green glycine color. When the glutamylcysteine is 
oxidized by oxygen, the resulting diglutamylcystine no longer 
gives a blue color so that the green glycine color becomes visible. 
When the green-colored solution is allowed to stand, the diglut- 
amyleystine is slowly reduced back to glutamylcysteine by the 
excess of color reagent (0-phthalic dialdehyde), which itself be- 


TABLE III 
Application of Sullivan’s Cysteine Test to Glutathione-Kidney Incubation 
Miztures 
: . Red color ex- Increase in color Loss of gluta- 
Time of ba- . : Loss of sulfhydryl 
hrs. mg. per cent per cent per cent 
0.5 0.293 11.0 13.3 
1.0 0.77 29.0 28.6 0 
2.0 1.47 56.6 49.5 3.0 
3.0 2.13 80.5 75.0 5.6 
4.5 2.61 98.7 100.0 9.4 
6.0 2.64 100.0 100 .0 10.6 


comes oxidized. The glutamylcysteine thus formed then reacts 
with excess color reagent to bring about the reappearance of the 
blue color. When oxidized glutathione is hydrolyzed by kidney 
extracts, a green color is obtained with the glycine reagent without 
preliminary oxidation. 

Sullivan’s (4) cysteine test was applied to similar incubation 
mixtures (GSH-kidney). 1 cc. of the mixture was treated with 2 
ec. of water and 3 cc. of 4 per cent sulfosalicylic acid, filtered, and 
5 ec. of the filtrate used for the test. A red color, identical with 
that given by cysteine, was obtained and compared to standard 
cysteine colors. ‘Table III shows the increase in the intensity of 
the red color (in terms of mg. of cysteine) which occurs with time 
of incubation of the reaction mixtures. The increase in color 
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intensity had practically ceased after 4.5 hours, at which time the 
glutathione had also completely lost its ability to activate glyoxa- 
lase. At this point an increase in —COOH equivalent to 7.25 
c.mm. of 0.05 N alkali had occurred, as compared to a theoretical 
of 6.52 for complete hydrolysis of one —-NHCO— linkage. The 
color intensities obtained at various time intervals are expressed 
also as per cent increase, assuming a value of 100 per cent for the 
color obtained at 6hours. As will be seen, these percentages agree 
closely with the per cent losses of glutathione as measured mano- 
metrically. The agreement is even better if the color intensities 
are corrected for the slight losses of sulfhydryl which occurred as 
shown by iodate titration, on the reasonable assumption that no 
color was obtained from the oxidized form of the compound re- 
sponsible for the color. 

The color obtained after 6 hours corresponds to 2.64 mg. of 
cysteine per cc., or 94 per cent of the theoretical amount of cysteine 
in the original glutathione. To obtain this amount of cysteine, 
an increase in —-COOH corresponding to at least 11.7 ¢.mm. of 
0.05 n alkali would have to occur. In the present case the in- 
crease was only 7.25 c.mm., not much above the theoretical for 
complete hydrolysis of one —NHCO— linkage. Pure glutathione 
or 1:30 rat kidney extracts do not give a red color. Cysteinyl- 
glycine gives a reddish purple color, quite different from that ob- 
tained with cysteine or with the incubation mixtures. It seems 
probable, therefore, that the red color obtained from glutathione- 
kidney mixtures is due to glutamylcysteine. There is a possibil- 
ity, of course, that the latter compound is hydrolyzed to cysteine 
and glutamic acid under the alkaline conditions employed in 
making the test. This does not appear very likely, since the color 
develops as rapidly as with pure cysteine, and the hydrolysis 
would have to take place at a high rate. 

pH Optimum—From Fig. 2 it is seen that the enzyme respon- 
sible for hydrolysis of reduced glutathione exhibits a sharp ac- 
tivity optimum near the neutral point. The pH values given are 
only approximate, being obtained as follows: To 5 cc. portions of 
1:15 aqueous rat kidney extracts were added sufficient amounts 
of 0.1 Nn HCl or NaOH to give the desired pH as shown by the 
indicator spot plate method. Sufficient water was added to bring 
the volumes up to 6cc. ‘To 2 ce. portions of each of these extracts 
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were added 2 cc. portions of glutathione (1 mg. in 70 ¢.mm.) 
previously adjusted to the same pH values by the same method. 
Immediately after mixing, blank —-COOH titrations were made 
on 14 ¢.mm. portions by the microtechnique. The mixtures 
were incubated at 25°, and the increase in —COOH determined 
after 1 and 1.75 hours. 

Hydrolysis of GSH and GSSG by Extracts of Various Tissues— 
Table IV shows the relative rates of hydrolysis of reduced and 
oxidized glutathione by 1:15 aqueous extracts of rat kidney, liver, 
and spleen. The reduced glutathione experiments were carried 
out with the same concentrations and method as employed in the 
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Fia. 2. Effect of pH on the activity of kidney antiglyoxalase. Curve A, 
1 hour incubation; Curve B, 1.75 hours incubation. 


experiment illustrated by Fig. 1. Oxidized glutathione was pre- 
pared by oxygenating a solution of 30 mg. of reduced glutathione 
in 2.10 cc. of water (adjusted to pH 6.8 with NaOH) until all the 
sulfhydryl had disappeared. Reaction mixtures were prepared 
with equal volumes of this oxidized solution and 1:15 tissue ex- 
tracts, so that the final concentrations were the same as employed 
in the case of reduced glutathione. 

It is evident that oxidized glutathione is hydrolyzed otantdlate 
ably more rapidly by kidney extract than is the reduced form. 
The reaction stops sharply near the theoretical value (6.52 ¢.mm. 
of 0.05 N alkali) for complete hydrolysis of two —-NHCO— link- 
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ages in each GSSG molecule. In contrast to our results with 
reduced glutathione, the —-COOH increase obtained with the 
oxidized form never exceeds this theoretical value. This tends to 
support our suspicions that the high values sometimes obtained 
with the reduced form may be due to a slight activation, by the 
—SH form, of the digestion of native protein. Whether the same 
enzyme is concerned in the hydrolysis of both forms of gluta- 
thione must remain an open question for the present. 

Extracts of liver and spleen, in the concentrations employed, 
have practically no action on either reduced or oxidized glutathione. 


TABLE IV 
Hydrolysis of GSH and GSSG by Extracts of Various Tissues 
Increase in —COOH groups (0.05 n alkali) 

Rat tissue Time of incubation 
GSH GSSG 
hrs. c.mm c.mm 
Kidney 1 1.83 3.40 
2 3.15 4.56 
4 5.09 6.36 
6 6.63 6.30 
8 6.99 6.36 
Liver 2 0.0 0.08 
4 0.0 0.40 
Spleen 2 0.0 0.39 
4 0.0 0.30 


This agrees with the fact that no antiglyoxalase effects have been 
observed in extracts of these tissues. 

Action of Pancreas Preparations on Glutathione—It has been 
known (7) for a long time that pancreas contains a factor which 
inhibits glyoxalase activity, but little was known about the mech- 
anism of its action. Girsavicius (14), working with liver extracts, 
obtained evidence that the inhibitor present in pancreatin exerts 
its effect by destroying glutathione. Since no loss of titratable 
sulfhydryl occurred, he suggested that a hydrolytic splitting of the 
glutathione molecule was involved. However, he was unable to 
demonstrate any action of pancreatin on pure glutathione. In 
the preceding paper of this series (1) we were able to show that, 
undcr proper conditions, pancreatin and pancreas extracts will act 
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on pure glutathione, destroying its ability to activate glyoxalase, 
but leaving the sulfhydryl group largely intact. Considerable 
evidence was obtained that pancreas preparations probably con- 
tain two antiglyoxalase factors, one of which resembles kidney 
antiglyoxalase, and a second which acts on the enzyme itself. In 
view of the results obtained with kidney, it became desirable to 
determine whether the first of these factors is, like kidney anti- 
glyoxalase, enzymatic in character. Opposed to this idea was the 
finding of Grassmann, Dyckerhoff, and Eibeler (6) that reduced 
glutathione is not hydrolyzed by pancreas preparations. 

It was found that pancreatic antiglyoxalase resembles that of 
kidney in being connected with the protein fraction, and in being 
thermolabile. However, difficulty was encountered when an 
attempt was made to correlate —COOH increase with loss of gluta- 
thione (manometric) in incubation mixtures containing pure glu- 
tathione and aqueous extracts of pig pancreas. Compared to rat 
kidney, the antiglyoxalase activity of pig pancreas is very low, so 
that large amounts of the aqueous extract must be used to obtain 
an appreciable rate of glutathione loss. It was found, in contrast 
to the results with kidney, that when these pancreas extracts were 
incubated in the absence of glutathione, a very large increase in 
free —COOH occurred with time, due to digestion of native pro- 
tein. This high blank made the results obtained in the presence 
of glutathione valueless, so that experiments along this line were 
discontinued. 

Since Grassmann, Dyckerhoff, and Eibeler (6) had identified 
the enzyme which splits oxidized glutathione as pancreatic car- 
boxypolypeptidase, a partially purified preparation’ of this enzyme 
was investigated. 1 cc. of the concentrated enzyme solution 
(in 70 per cent glycerol) was diluted to 5 ce. with water. To 2 ce. 
portions of this diluted enzyme were added equal volumes of re- 
duced and oxidized glutathione solutions (previously neutralized 
to pH 6.8) of the same concentrations as those employed in pre- 


This preparation, for which we are indebted to Dr. M. L. Anson, of 
the Rockefeller Institute, Princeton, was prepared from the juice of bovine 
pancreas by acid precipitation, and contained trypsin and other enzymes 
as well. We wishalso tothank Dr. J. H. Northrop and Dr. M. Kunitz, of 
the same laboratory, for supplying us with samples of crystalline trypsin 
andchymotrypsin. These had no effect on reduced or oxidized glutathione. 
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vious work of this type. The rate of —COOH increase was fol- 
lowed at 25°, the results being shown in Table V. No increase in 
free —COOH occurred when the enzyme was incubated without 
glutathione. It will be seen that oxidized glutathione is fairly 
rapidly hydrolyzed, an increase in —COOH corresponding to 
6.34 c.mm. of 0.05 N alkali occurring in 6 hours, as compared to a 
theoretical value of 6.52 for complete hydrolysis of two —NHCO— 
linkages per GSSG molecule. The hydrolysis does not proceed 
beyond this point. Reduced glutathione appears definitely to be 
hydrolyzed, but the reaction is very slow. In 24 hours a COOH 
increase corresponding to 53.8 per cent of the theoretical for one 


TABLE V 
Action of Pancreatic Carboxypolypeptidase on Glutathione 


Increase in —COOH groups (0.05 N alkali) 
Time of incubation 
GSH GSSG 
Ars. c.mm, c.mm. 
1 0.33 
2 4.09 
3 1.05 
4 5.29 
5 1.59 
6 6.09 
7 1.94 
8 6.34 
10 6.34 
24 3.50 


—NHCO— linkage per GSH molecule took place. In the same 
time, the glutathione had lost 46 per cent of its original ability 
to activate glyoxalase. The loss of sulfhydryl was only 15 per 
cent. While it is obviously unfair to draw conclusions from this 
one experiment, the satisfactory agreement in these values makes 
it seem probable that pancreatic antiglyoxalase is, in part atleast, 
enzymatic in character, just as is kidney antiglyoxalase. When 
crude aqueous extracts of pancreas are used, however, it is possible 
that the large amount of protein and other foreign material, which 
must be introduced in order to obtain appreciable antiglyoxalase 
action, will in itself have an inhibiting effect on the glyoxalase 
reaction. 
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Additional evidence for the similarity in mode of action of 
pancreas and kidney antiglyoxalases was obtained by application 
of the glycine and cysteine color reactions to incubation mixtures 
of fresh pig pancreas extract and reduced glutathione. The ob- 
servations made in the case of kidney-glutathione mixtures were, 
qualitatively, exactly duplicated. However, no quantitative 
measurements of color intensities were made, except in one case 
with the cysteine reagent. A GSH-pancreas incubation mixture 
after 24 hours incubation gave a red color corresponding to 1.21 
mg. of cysteine. At the same time the glutathione had lost 50 
per cent of its ability to activate glyoxalase. This amount of 
cysteine represents 87 per cent of the theoretical amount which 
would result from complete hydrolysis of 50 per cent of the gluta- 
thione, a value agreeing closely with that obtained in the work 
with kidney. 

Effect of Histidine on Glyoxalase Activity—As previously stated, 
Girsavicius (8) now believes that histidine and probably other 
basic amino compounds are formed by enzymatic breakdown of 
the native proteins present in pancreas extracts, and that these 
are responsible for the inhibition of glyoxalase activity observed in 
the presence of such extracts. In support of this idea he presents 
data to show that when solutions of liver glyoxalase (containing 
glutathione) are incubated for 3 hours at 37° with histidine (0.005 
to 0.0105 m) a considerable diminution of glyoxalase activity oc- 
curs. In some cases complete loss of activity was obtained in 
1 hour with 0.005 m histidine. According to Girsavicius the effect 
of the histidine is exerted on the enzyme-glutathione mixture and 
not on the substrate, methylglyoxal. 

In an effort to confirm these observations, 5 per cent suspensions 
of acetone-yeast glyoxalase containing 0.2 mg. of glutathione per 
ec. were incubated at 5° with d- and l-histidine (added as hydro- 
chloride) in the range of concentrations employed by Girsavicius. 
Similarly, 1:5 rabbit liver extracts, containing glyoxalase and 
glutathione, were incubated with histidine at 5° (in one case at 
37°). The low incubation temperature was used to minimize the 
spontaneous inactivation of glyoxalase which occurs rapidly at 
higher temperatures, due probably to autoxidation of glutathione. 
To correct for any such losses at 5°, similar enzyme-glutathione 
mixtures were incubated without histidine. After incubation, 
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portions of the reaction mixtures were removed and, after addition 
of methylglyoxal and sodium bicarbonate, tested for glyoxalase 
activity by the usual manometric procedure (15). The results 
are shown in Table VI as per cent loss of glyoxalase activity with 
time, as compared with the original activity of the enzyme solu- 
tions. It is clear that the rate of loss of glyoxalase activity in 
the presence of histidine is in no case appreciably greater than 
that of the controls without histidine. In fact, histidine appears 
to exert a stabilizing influence on liver glyoxalase. It should be 
mentioned that in the higher concentrations, histidine does exert 
a slight inhibitory effect (about 5 per cent) on glyoxalase activity. 
In contrast to the action of kidney and pancreas antiglyoxalases, 


TaBLE VI 
Effect of d- and l-Histidine on Glyozalase Activity 
Loss of glyoxalase activity 
: Time of Histidine 
hrs. M per cent per cent per cent 
Acetone-yeast 23 0.01 11.3 11.3 17.7 
23 0.005 11.3 12.6 13.9 
Rabbit liver 4 0.02 11.2 0.4 
24 0.02 87.8 37.0 
4 0.005 11.2 8.4 
24 0.005 87.8 47.0 
3.5 0.01 47.8 37.8 
(37°) 3 0.01 89.7 92.2 


however, this effect does not increase with time of incubation. 
That kidney antiglyoxalase is active under conditions similar to 
those employed above is shown by the fact that when pure gluta- 
thione is incubated at 5° with acetone-ether-dried pig kidney (1.25 
mg. of dry preparation per 0.1 mg. of GSH) a. loss of 45 per cent in 
the ability of the glutathione to activate glyoxalase occurs in 1 
hour. As shown in Table VI, practically no effect was observed in 
23 hours when 0.01 Mo histidine was incubated with acetone-yeast, 
although this amount of histidine corresponds to 1.6 mg. per 0.1 
mg. of glutathione present. 

It is obvious from these results that the antiglyoxalase action 
of kidney and pancreas preparations cannot be due to histidine. 
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However, since considerable digestion of native protein does 
occur when crude pancreas extracts are incubated, the possibility 
exists that a portion of the antiglyoxalase activity of such extracts 
may be due to some of the other products of the digestion. A simi- 
lar effect is improbable in the dilute kidney extracts employed, 
since practically no digestion of native protein occurs for several 
hours. A possible explanation for the histidine effects observed 
by Girsavicius may be found in his method for following glyoxalase 
action. He determined methylglyoxal disappearance by the 
method of Stéhr (16), which involves reduction of phosphomolyb- 
dic acid by the methylglyoxal in hot solution, followed by titra- 
tion with permanganate. As Girsavicius himself admits, the 
method is highly unspecific, glutathione and other constituents of 
the liver extracts used also reacting. 


SUMMARY 


1. Kidney antiglyoxalase is shown to be enzymatic in character, 
exerting its effect by hydrolyzing the specific glyoxalase coenzyme, 
reduced glutathione. The enzyme exhibits an activity optimum 
near pH 7. 

2. Evidence is presented that the products of the hydrolysis are 
glycine and glutamylcysteine. 

3. Oxidized glutathione is hydrolyzed more rapidly than the 
reduced form by kidney preparations, glycine being split off. 

4. Evidence is presented that pancreatic antiglyoxalase, in part 
at least, is also enzymatic in character. Partially purified pan- 
creatic carboxypolypeptidase hydrolyzes reduced glutathione 
slowly and oxidized glutathione more rapidly. 

5. Extracts of liver and spleen, which contain no antiglyoxa- 
lase, do not attack reduced or oxidized glutathione. 

6. Girsavicius’ claim that the antiglyoxalase action of pancreas 
preparations is due to histidine has been disproved. 
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The mechanism of arginase activation has been widely studied 
during the past few years. Salaskin and Solowjew (1) and 
Waldschmidt-Leitz, Schaffner, and Kocholaty (2) believed that 
sulfhydryl compounds were the specific activators of arginase. 
This viewpoint was attacked by Edlbacher, Kraus, and Walter 
(3), and by Klein and Ziese (4), who presented evidence that the 
effect obtained with sulfhydryl varied with the pH and with the 
purity of the enzyme preparation. Later, Salaskin and Solowjew 
(5), and Waldschmidt-Leitz, Scharikova, and Schaffner (6), 
reached the conclusion that sulfhydryl compounds in combination 
with heavy metal (Fe” or Cu’) act as the true specific activators 
of the enzyme. Recent experiments of Purr and Weil (7) have 
demonstrated that sulfhydryl compounds cannot be considered to 
be specific activators, since other intermediary metabolic prod- 
ucts (e.g. alloxan-Fe”, ascorbic acid-Fe”, and methylglyoxal- 
Fe”) in combination with iron are also able to activate arginase. 
Results obtained by Klein and Ziese (8) point to a similar 
conclusion. 

The dependence of arginase activation on oxidation-reduction 
processes was investigated by Waldschmidt-Leitz and Kocholaty 
(9), who maintained that oxygen is necessary for activation. 
Klein and Ziese (8) found that oxidizing agents had an activating 
effect only in the case of purified arginase, and that the process 
was one of simple oxidation and not dependent on the establish- 
ment of a definite oxidation-reduction potential. Edlbacher, 
Kraus, and Leuthardt (10) on the other hand consider oxygen 
as an inhibitor of the enzyme, the cysteine-Fe” complex merely 
acting as a protector against oxygen. Ina later paper Leuthardt 

201 


Activation of Arginase 


202 


and Koller (11) suggest that in addition to acting as protectors 
against oxygen, sulfhydryl compounds exert still another effect, 
the nature of which is not yet known. From this it may be seen 
that opinions on the mechanism of arginase activation are not in 
agreement. 

In the present paper we have studied the activation of arginase 
preparations of varying purity and origin. As activator system, 
the cysteine-Fe” complex was used at pH 7, although as previously 
mentioned, the cysteine may be replaced by other compounds. 
It was found that in the presence of this complex an activation 
was always obtained, regardless of the degree of purity or origin 
of the enzyme preparation. 

The partial activation, that is, the activation obtained with 
either cysteine alone or iron alone, was, however, found to depend 
upon the degree of purity and origin of the enzyme. The arginase 
in glycerol suspensions of rat liver is markedly activated by cys- 
teine alone, but is scarcely affected (or even inhibited) by Fe” 
alone; the greatest activation is obtained when both cysteine and 
Fe” are present. Liver arginase of rats with transplantable cancer 
shows asimilar behavior. Purification of liver arginase by drying 
with acetone-ether, followed by glycerol extraction, changes the 
activation picture. Fe” now produces a marked activation, while 
cysteine alone is less effective; cysteine-Fe”, as before, produces 
the greatest activation. A further purification of the acetone- 
ether-glycerol extract by adsorption on alumina and dialysis of 
the resulting elution, yields an arginase preparation whose ac- 
tivation picture resembles that of the acetone-ether-glycerol ex- 
tract. It is possible that liver under normal conditions contains 
sufficient reactive metal so that addition of Fe” alone results in 
no essential activation, but in some cases in an inhibition. The 
purifications described above probably remove some of the reac- 
tive metal, so that addition of Fe” now produces an activation. 

Differences in the partial activation are observed also in arginase 
obtained from different sources. Thus tumor arginase is strongly 
activated by Fe” alone (contrast to fresh liver arginase), while 
cysteine alone is much less effective. Blood arginase, on the other 
hand, is strongly activated by both Fe” alone and cysteine alone. 
In both cases the highest activation is obtained with the cysteine- 
Fe” complex. | 
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It appears then that arginase activation by the cysteine-Fe” 
complex is independent of the degree of purity or origin of the en- 
zyme, while the partial activation obtained with cysteine alone, 
or Fe” alone, does depend on these two factors. It became of 
interest to attempt to influence the conditions of liver arginase 
activation in vivo. ‘To increase the supply of iron in the liver, rats 
were injected with colloidal iron, and to decrease the supply of 
iron, they were fed on a special diet containing a, a’-bipyridine, 
which unites with Fe” in complex combination. 

The subcutaneous injection of colloidal iron was found to have 
no effect on the activation picture of liver arginase in glycerol 
suspension. No marked activation was obtained by addition of 
Fe” alone. Feeding of a, a’-bipyridine, however, did change the 
activation picture. Addition of Fe” to glycerol suspensions of 
livers of these animals now produces a strong activation of the 
arginase, while cysteine, which normally produces a marked ac- 
tivation, now activates to a much smaller degree. 

The connection found between reduction of the iron content of 
the diet and the changes in the partial activation of liver arginase 
suspensions makes it appear quite probable that reactive metal 
compounds are of importance in arginase activation in vivo. The 
activation may be thought of as depending on a two component 
system (e.g., cysteine and reactive metal), the partial activations 
obtained being dependent on the ratio of concentrations of these 
components present. This ratio, as is indicated by these results, 
probably changes with the purity and origin of the enzyme. 


EXPERIMENTAL 


Activation of Arginase. Effect of Purity and Origin—After 
bleeding the rats, the livers were frozen in liquid nitrogen, pul- 
verized, and suspended in 10 parts of 90 per cent glycerol. For 
one determination, 0.25 cc. of suspension was used. Acetone- 
ether-glycerol extracts were prepared by freezing the tissue in 
liquid nitrogen, pulverizing, and extracting successively with 
several portions of acetone, acetone-ether, and finally with ether. 
The dry preparation was sifted, suspended in 10 parts of 90 per 
cent glycerol for 1 day, and then filtered. For one determination 
1 cc. of extract was used. The preparation of purified arginase 
was carried out according to the procedure of Waldschmidt-Leitz, 
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Scharikova, and Schiiffner (6). 25 ce. of acetone-ether-glycerol 
extract were diluted with 100 cc. of water, and adsorbed five times 
with alumina Cy suspension (1 cc., containing 35 mg. of Al.Os;) 
at pH 6.5. The combined adsorbates were washed with water 
and eluted four times with 12 ce. of M/15 Nas.HPO,, the elution 
filtered through kieselguhr, and precipitated with a double volume 
of acetone in an ice bath. The precipitate was dissolved in 20 
ec. of 0.1 mM glycine-NaOH buffer of pH 9.5 and dialyzed for 3 
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Activation of Arginase Obtained from Various Sources, and of Different 
Degrees of Purity 


Arginase activity 
Amount of 
Enzyme preparation enzyme Initial Fe” 
ee. ec cc ce cc. 

Glycerol suspension of | 0.25 17.5 14.7 20.7 19.8 
liver (1:10) 0.25 11.2 10.4 14.1 16.1 
0).25 14.3 10.7 22.2 

().25 11.3 12.8 16.5 24.5 

Acetone-ether-glycerol | 1.0 11.3 22.8 7.0 23.4 
extract 1.0 6.7 14.2 7.0 23.1 
1.0 7.6 19.9 11.0 21.0 

1.0 10.0 18.2 12.1 19.1 

Purified enzyme 3.0 6.2 17.8 8.1 19.3 
Glycerol suspension of | 5.0 3.5 10.8 4.2 10.1 
tumor tissue 5.0 2.9 7.1 49 | 
5.0 0.2 6.6 1.0 8.6 

5.0 0.6 48 2.6 4.5 

5.0 1.9 5.5 1.7 5.9 


hours against running water. For one determination, 3 cc. of the 
solution were taken. 

For activation studies on tumor arginase, transplanted rat sar- 
comas (Philadelphia No. 1) were used. Immediately after ex- 
tirpation the tumors were cut into pieces, frozen in liquid nitrogen, 
and pulverized. The material was suspended in 10 parts of 90 
per cent glycerol. 

The tissue arginase was activated by allowing it to stand for 1 
hour at 30° and pH 7 with 2 cc. of neutralized cysteine hydro- 
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chloride solution (20 mg.), or with 0.5 cc. of 0.1 N FeSO,, or with © 
both. 10 cc. of arginine carbonate and 5.0 cc. of 0.1 mM glycine- 
NaOH buffer of pH 9.5 were then added, and after bringing up the 
total volume to 25 cc., the reaction mixtures were allowed to 
stand for 1 hour at 30°. The urea formed was estimated by the 
method of Edlbacher and Bonen (12). The results are presented 
in Table I as ce. of 0.02 N H.SO,, and show that marked differ- 
ences exist in the arginase activation picture, depending upon the 
source of the enzyme. ‘Thus in glycerol suspension of fresh liver, 
iron alone produces no activation, while cysteine alone produces a 
marked activation. In the case of the acetone-ether-glycerol 
extract of liver, or of the “purified enzyme,” or of the glycerol 


TABLE II 
Activation of Blood Arginase 
Arginase activity (CO: at 30°) 
& | & | gst 
ce. Ars. c.mm. | c.mm. | c.mm, | ¢.mm., 
Horse blood (whole).............. 1.0 2 84 | 145 | 157 | 180 
1.0 2 108 | 125 | 130 | 146 
Human ‘“ 0.1 20 82 158 
0.1 20 139 
(cells + plasma).....| 0.2 20 142 


suspension of tumor tissue, the activation picture is reversed. 
Fe” alone activates strongly, but cysteine alone, less markedly. 
In all cases, however, the strongest activation is obtained when 
both cysteine and Fe” are present. 

In the study of blood arginase, oxalated blood was used. Ex- 
periments were carried out on whole blood (human and horse) as 
well as on plasma and red cells (human) separately. One deter- 
mination was made also on a mixture of equal volumes of plasma 
plus red cells prepared from whole blood by centrifuging. In each 
case the arginase was activated by incubation for 1 hour at 30° 
and pH 7 with 0.2 cc. of neutralized cysteine hydrochloride (2 
mg.) or 0.1 cc. of 0.1 N FeSOQ,. The arginase activity was then 
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determined by the manometric method of Weil and Russell (13). 
The results are shown in Table II as e.mm. of CO, produced at 
30°. The entire amount of blood arginase is found in the erythro- 
cytes; the plasma contains none. The partial activations ob- 
tained with cysteine alone or iron alone are approximately the 
same in the case of blood. As before, the highest activity is 
obtained when both are present together. 

Activation of Liver Arginase in Rats on Normal Diet—Normal 
male rats and rats with transplantable sarcoma (Philadelphia No. 
1) were fed on a standard diet consisting of corn, barley, bread, 


TaB.e III 


Liver Aryinase in Rats on Normal Diet 


Arginase activity (ce. 0.02 N HeSO,) 
Enzyme preparation from 


Initial | Fe”’ | Cysteine (Cysteine + Fe” 
ce. cc. | cc. | ce. 
Normal rats 8.7 5.4 | 18.2 | 20.8 
12.9 8.7 15.8 19.0 
7.6 7.0 9.6 15.1 
11.0 9.2 16.2 16.3 
9.8 10.0 17.0 19.8 
Rats with cancer 3.6 4.0) 4.2 6.4 
9.5 5.4 10.5 11.3 
4.5 4.4 5.5 8.7 
7.4 8.8 14.2 17.1 
6.0 5.4 7.2 9.3 
5.6 1.8 10.2 11.2 


lettuce, and, once a week, meat. The rats were bled, the livers 
frozen in liquid nitrogen, pulverized, and suspended in 10 parts 
of 90 per cent glycero]. Arginase determinations were carried out 
on 0.25 cc. portions of these suspensions according to the pre- 
viously described method. The results, shown in Table III as 
ec. of 0.02 N H.SO,, indicate that no essential differences exist in 
the activation pictures of livers of rats with cancer and normal rats. 
In both cases, iron alone produces no activation (or a slight in- 
hibition), cysteine alone produces a marked activation, while 
cysteine plus iron produces the highest activation. There is a 
tendency for liver arginase to be low in livers of animals with 


' 
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eancer. Hidekatsu (14) previously had made the same obser- 
vation. 

Effect of Subcutaneous Injection of Colloidal Iron on Liver Ar- 
ginase—Normal male rats and rats with transplantable sarcoma 
were fed on the normal diet described above. Every other day 
they received a subcutaneous injection of 1 cc. of colloidal iron. 
The preparation used was Ferrocol, obtained from the American 
Chemical Laboratories, containing 75 per cent of colloidal iron 
and 25 per cent of ferric hydroxide. 1 gm. of this material was 
suspended in 20 ec. of water, and after the heavy particles had 


TABLE IV 
Effect of Colloidal Iron on Liver Arginase Activity 
Arginase activity 
Enzyme preparation from | Time of No. of 
treatment |treatments) Initial Fe” Cysteine 

days ce. cc. ce ce 

Normal rat 8 4 8.5 8.7 14.0 18.7 
12 6 10.2 9.0 16.1 16.9 
16 8 9.1 5.1 15.3 17.0 

Rat with cancer 8 4 7.2 0.2 9.9 17.7 
20 10 14.8 12.6 21.8 21.9 
20 10 11.3 10.7 17.1 17.3 
26 13 9.5 5.4 8.2 11.3 
32 16 3.6 1.3 10.6 16.1 
32 16 8.4 10.6 13.0 14.0 
49 24 7.0 6.5 8.6 8.9 
49 24 8.5 8.9 10.2 10.1 


settled, 1 ce. of the supernatant liquid was used for each injection 
(containing about 10 mg.-of colloidal iron). Liver arginase was 
determined as previously described. The results, shown in Table 
IV, indicate clearly that the iron treatment has had no effect on 
the arginase activation picture either in normal rat livers or in 
livers of rats with cancer. Addition of iron to the enzyme solu- 
tion does not produce any marked activation, while addition of 
cysteine does. 

Effect of a,a’-Bipyridine on Liver Arginase Activity—Normal 
male rats and rats with transplantable sarcoma were fed on a 
diet described by Lintzel (15), consisting of 300 parts of barley, 
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45 parts of dried fish, 30 parts of dry yeast, and 120 parts of soya 
meal. The ferrous iron content of this diet was brought into 
complex combination by addition of 0.1 per cent of a,a’-bipyri- 
dine.!' This did not interfere with the acceptability of the food to 
the animals. That the iron actually was combined was shown by 
the appearance of the red color of ferrous a ,a’-bipyridine on mois- 
tening the food. Arginase determinations on the livers of these 
animals were carried out as previously described. The results, 
presented in Table V, show that this treatment has considerably 
changed the activation picture for livers of both normal animals 


TABLE V 
Effect of a,a'-Bipyridine on Liver Arginase Activity 
Arginase activity 
Enzyme preparation from| Time of 
liver treatment Initial Fe” Cysteine Cysteine 

days ce. cc. ce. ec. 

Normal rat 46 16.3 16.9 15.2 25.0 
46 14.0 18.1 14.9 20.2 
48 12.6 17.8 13.0 19.7 

Rat with cancer 22 8.7 9.5 9 6 17.0 
22 10.5 16.0 11.5 18.0 
24 8.3 16.0 11.7 19.1 
39 7.8 12.2 9.9 16.1 
41 7.1 13.8 7.7 15.5 
44 10.8 18.4 14 7 25.0 
44 16.0 20.2 16.2 26 .2 


and those with cancer. Iron now produced a considerable activa- 
tion of the arginase, while cysteine activates to a much smaller 
degree. Apparently the liver has become depleted in reactive 
iron. As before, the highest activation is obtained when both 
cysteine and iron are present. 

The results described in Tables III to V were obtained with 
0.25 ce. of 1:10 liver suspension, with an incubation time of 1 
hour at 30°. 


1 Fe’’-a, a’-bipyridine, as Lintzel has shown, is not resorbed, and is 
found quantitatively in feces. 
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SUMMARY 


1. The system cysteine-Fe” activates arginase independently 
of the origin or purity of the enzyme preparation. The partial 
activations obtained with cysteine alone or Fe” alone depend upon 
the source and purity of the enzyme. 

2. The activation picture of liver arginase is changed by feed- 
ing the animals (rats) a,a’-bipyridine, which combines with fer- 
rous iron. This indicates that heavy metal plays an important 
role in arginase activation 27 vivo. 

3. No essential differences between livers of normal animals 
and those with cancer were found in the arginase activation pic- 
ture. Livers of animals with cancer tend to be low in arginase. 


The author wishes to acknowledge the assistance of Miss Mary 
A. Russell with the experimental animal work. 
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ASCORBIC ACID (VITAMIN C) OXIDASE* 


By HENRY TAUBER, ISRAEL 8S. KLEINER, anp 
DANIEL MISHKIND 


(From the Department of Physiology and Physiological Chemistry of the 
New York Homeopathic Medical College and Flower Hospital, New York) 


(Received for publication, April 23, 1935) 


Von Szent-Gyorgyi (2, 3) observed in 1930 that if a piece of 
cabbage leaf is placed in a respirometer in the presence of KOH it 
takes up oxygen. Mincing the cabbage decreased the intensity 
of this action. If ascorbic acid (at that time named by von Szent- 
Gyorgyi hexuronic acid) was added to the pulp, it was oxidized. 
This effect disappeared if the pulp was first boiled; hence he con- 
cluded it is an enzyme reaction. Von Szent-Gyérgyi (2) states: 


“Study of the kinetics of this enzyme has clearly shown that this enzymic 
function is a complicated one and that the hexuronic acid is not immedi- 
ately oxidized by the enzyme. The enzyme contains a special substance 
or grouping, ‘x,’ which is first oxidized by the oxygen. This oxidized ‘x’ 
then in turn oxidizes the hexuronic acid and is itself reduced again.”’ 


He was also of the opinion that the enzyme first brings about the 
oxidation of 2 labile hydrogen atoms believed to be present, since 
the structure of ascorbic acid had not been established at that 
time. 

We have been able to isolate an extremely powerful enzyme 
from the pericarp of the Hubbard squash (Cucurbita maxima), 
which differs considerably from the one described by von Szent- 
Gyoérgyi. It oxidizes ascorbic acid instantaneously and com- 
pletely without interaction of other catalytic agents. Synthetic 
as well as natural l-ascorbic acid! has been employed as sub- 
strate. 


* A preliminary report of this paper has been read before the Society 
for Experimental Biology and Medicine (1). 

1 We are greatly indebted to Professor von Szent-Gyérgyi for a sample 
of natural l-ascorbic acid and to Hoffman-La Roche, Inc. for generous 
samples of their synthetic l-ascorbic acid (redoxon). 
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The degree of oxidation was measured by the oxidation-reduc- 
tion indicator, sodium 2,6-dichlorobenzenone indophenol (4). 
The indicator solution was made up fresh every 4 or 5 days, and 
was kept neutral. These two precautions are essential for accu- 
racy. It must be remembered that ascorbic acid is autoxidizable 
and that proper controls must be made. Furthermore, its solu- 
tions are quite acid in reaction and, when employed in higher 
concentrations, neutralization of the acid is necessary even if a 
buffer is subsequently added. 


EXPERIMENTAL 


Preparation of Enzyme—The pericarp (edible portion) of ripe 
Hubbard squash was minced in a meat chopper. To 1 kilo of 
minced plant tissue 3 liters of 30 per cent alcohol were added and 
the mixture was gently shaken for 5 minutes in a 5 liter flask. 
The extract, which had a pH of 5.73, was centrifuged off, filtered, 
and an equal volume of acetone added. A yellow precipitate 
which separated on the surface of the fluid was removed with a 
glass rod, placed in an Erlenmeyer flask, and washed with ace- 
tone, which removed all the yellow pigment. The precipitate was 
dissolved in 400 cc. of distilled water and again precipitated with 
an equal volume of acetone. This procedure was repeated once 
more. The precipitate was then dried in a vacuum over H2SQ,. 
The operations with acetone were performed quickly to avoid as 
much as possible any inactivation of the enzyme by the acetone. 

This dry preparation does not immediately dissolve in distilled 
water but if left at room temperature for an hour or two with oc- 
casional shaking it does dissolve. It is 500 times as active as the 
original 30 per cent alcoholic extract, having an activity of 10,000 
units per gm. The 30 per cent alcoholic extract had an activity 
of 2 units per cc. We suggest as a unit the amount of ascorbic 
acid oxidase which will oxidize 50 per cent of 0.5 mg. of ascorbic 
acid at 40° in 5 minutes with 1 cc. of m Na acetate buffer of pH 
5.6 in a total volume of 5cce. Enzyme activity is stopped by the 
addition of 1 ec. of 2 per cent H,SO, and the amount of unoxidized 
ascorbic acid titrated with the oxidation-reduction indicator, 
sodium 2,6-dichlorobenzenone indophenol. We dissolved 100 
mg. of this dye in 250 cc. of boiling water and filtered it; this solu- 
tion was standardized with crystalline l-ascorbic acid. The 
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colorimetric ferricyanide method may also be used to estimate 
ascorbic acid (5). 

Aqueous solutions of the enzyme as well as dialyzed 30 per cent 
alcoholic extracts keep well if kept in a refrigerator. 18 hours 
dialysis involves no loss in activity of the extract. The yellow 
pigment which is removed by the acetone washings has no effect 
on the pigment-free enzyme. Thus it appears that the ascorbic 
acid oxidase is not related to the flavin oxidase of Warburg and 
Christian (6). 

Specificity for Ascorbic Acid—The ascorbic acid oxidase oxi- 
dizes ascorbic acid probably by introducing two OH groups at the 
double bond (see accompanying formulas). The hydrogen thus 
liberated combines with atmospheric oxygen, the latter playing 


| | | 
C—OH HO—C—OH 
| O | O 
HO—C—OH 
| 
2HO—H H—C 
7 A bi oxid | + 
HO—C—H scorpdie acid Ox1iaase HO—C—H 
HO—C—H: HO—C—H, 
Reduced form Oxidized form 
of ascorbic , of ascorbic 
acid acid 


the réle of a hydrogen acceptor. If oxygen is excluded by per- 
forming the experiment in an atmosphere of Ne, no oxidation of the 
ascorbic acid by the enzyme takes place. After the reduced form 
has been oxidized by the oxidase it may be reduced by H.S, and 
when the H2S is removed by Nz it possesses the original reducing 
power. 

In contrast with dialyzed cabbage leaf extracts the dialyzed 
squash extract as well as solutions of the purified enzyme does not 
give any of the color reactions which certain other oxidases give; 
e.g., benzidene, guaiacol, pyrogallol, catechol, phloroglucinol, re- 
soreinol, naphthoresorcinol, vanillin. Nor does the ascorbic acid 
oxidase affect glutathione, cysteine, tyrosine, adrenalin, or glucose 
boiled with alkali. 
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Presence of Single Enzyme—Von Szent-Gyérgyi states that the 
hexuronic acid oxidase of cabbage leaves is not a single enzyme but 


x 
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Ascorbic Acid Oxtd 
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Ascorbic Acid Present in mg. 

Fic. 1. Influence of increasing amounts of substrate. The experiment 
was performed with the following. 2 cc. of buffer, pH 5.83 (0.15 mM phos- 


phate-citrate buffer), 1 ec. of enzyme solution, total volume 7 cc., tem- 


perature 20°. The mixture was shaken in 400 ec. beakers for 20 minutes. 


(zed in mg. 
x 


Asco rbic Acid Oxid 


0.5 1.0 1d 20 
Enzyme Solution in cc. 


Fic. 2. Influence of increasing amounts of enzyme. The experiment 
was performed with the following. 1 cc. of buffer, pH 5.93 (0.15 m phos- 
phate-citrate buffer), 1 cc. of ascorbic acid solution (0.5 mg. of redoxon), 
total volume in each case 4 cc., temperature 40°, time 5 minutes. 


apparently involves a number of catalysts in a complicated mech- 
anism. A study of the kinetics of the oxidase of the Hubbard 
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squash, however, indicates that here we are dealing with a single 
enzyme. Fig. 1 shows that a constant quantity of enzyme pro- 
duces a constant amount of oxidation with increasing quantities 
of substrate under the conditions of the experiment. This har- 
monizes with the Michaelis-Menten theory. From Fig. 2 it ap- 
pears that the catalytic action is directly proportional to the 
amount of enzyme used, the two experiments corroborating each 
other. 


TABLE 
Optimum pH of Ascorbic Acid Oxidase* 
In both experiments the following were used: 1 cc. of buffer, 0.5 mg. of 
neutralized ascorbic acid (redoxon), 2 cc. of enzyme, total volume 4 cc., 
temperature 40°, time 5 minutes. 


0.15 m phosphate-citrate buffer M sodium acetate buffer 


pH Oxidation pH Oxidation 
per cent per cent 
3.00 0) 3.45 0 
3.90 3 3.58 26 
5.33 52 4.08 56 
5.56 56 4.48 60 
5.93 56 4.88 69 
6.22 HW) 5.11 72 
6.95 24 5.28 71 
7.28 15 5.30 74 
7.78 1 5.38 76 
5.57 76 
6.23 66 


* With 0.1 m glycine optimum pH values similar to those obtained with 
the mM sodium acetate buffer were obtained. 


Effect of pH—The optimum pH of the ascorbic acid oxidase is 
between 5.56 and 5.93 when 0.15 m phosphate-citrate buffer was 
added to neutralized ascorbic acid (Table I). If, however, m 
Na acetate buffer was employed, the optimum pH was between 
5.38 and 5.57. The pH of squash juice is 5.47. 

The ascorbic acid oxidase is only slightly active below pH 4.0 
and above 7.0, thus having a very limited range of activity, re- 
stricted to the acid side of the pH scale. The enzyme, however, is 
more easily destroyed by an excess of H ions than of OH ions. 
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If a solution of the enzyme is titrated to pH 2.0 with HCI and kept 
at 22° for 15 minutes, it becomes completely inactive. However, 
if it is adjusted to pH 10.0 with NaOH, there is very little inacti- 
vation under similar conditions. Its stability at such a definitely 
alkaline pH is remarkable since some other oxidases, e.g. milk 
peroxidase (7), are completely destroyed under these conditions. 

The ascorbic acid oxidase is remarkably stable to O2 (aeration), 
to CO, and to small amounts of KCN (0.005 per cent). Large 
amounts of KCN (0.01 per cent) inhibit and hydrogen sulfide, 
an activator of many enzymes, irreversibly inactivates this oxidase. 

Chemical Nature of Ascorbic Acid Oxidase—The only protein 
color test a solution of 1 mg. of enzyme per cc. gives is the xantho- 
proteic. The dry substance gives a biuret test and a Millon’s 


TABLE IT 
Digestion of Ascorbic Acid Oxidase by Trypsin 
0.1 per cent wyetn, pat 6.4 (0.1 m phosphate | 0.5 per cent trypsin, pH 6. (0.1 m phosphate- 
buffer , 37° citrate buffer), 37° 
Digestion time Inactivation Digestion time Inactivation 
hrs per cent hrs. per cent | 
48 14 18 20 
60 19 40 32 
72 23 62 44 
110 60 


test and an odor of burning hair when heated on a platinum foil. 
It gives a very strong Molisch reaction, due to large amounts of a 
polysaccharide accompanying the enzyme, which we have been 
unable to remove thus far. Saturated solutions of neutral salts 
do not give a precipitate when added to the dialyzed 30 per cent 
alcoholic extract or to the solution of the dry enzyme (1 mg. per 
ec.), nor do other protein precipitants. This is quite the opposite 
to the behavior of the cabbage oxidase. Acetone, however, pre- 
cipitates it, and alcohol has a very destructive effect. 

Inactivation of Ascorbic Acid Oxidase by Trypsin—Trypsin 
inactivates the ascorbic acid oxidase. Table II summarizes an 
experiment in which a 0.1 per cent trypsin (Fairchild Brothers 
and Foster) solution was employed. At pH 6.4 (0.1 m phosphate 


Tauber, Kleiner, and Mishkind 217 


buffer) there was 23 per cent inactivation in 72 hours at 37°. If, 
however, a 0.5 per cent trypsin solution at pH 6.9 (0.1 mM phos- 
phate-citrate buffer) is used, the inactivation is much more rapid 
and in 72 hours 48 per cent of the enzyme is digested. The di- 
gests contained 5 ce. of buffer, 5 cc. of enzyme solution (5 units 
per cc.), and 5 ce. of trypsin solution. Controls with boiled tryp- 
sin solutions were run. ‘Toluene was used asa preservative. The 
pH was controlled by the electrometric method except in the case 
of solutions containing ascorbic acid, which were determined colori- 
metrically. 


SUMMARY 


Our enzyme differs in various ways from the hexoxidase which 
von Szent-Gy6érgyi found in cabbage leaves. The hexoxidase 
oxidizes not more than 25 per cent of the substrate even when 
present in excess, and its kinetics, as shown by von Szent-Gyéorgyi, | 
point to a very complicated effect of a number of catalysts. The 
enzyme of the Hubbard squash oxidizes 100 per cent of the sub- 
strate rapidly and its kinetics are those of a single enzyme. It 
does not affect phenols, glutathione, cysteine, or adrenalin, nor 
could we find any other substrate for this enzyme. Because of 
this, it seems to be a specific enzyme which we wish to name as- 
corbic acid oxidase. 

The oxidase is inactivated by trypsin, which shows that like 
many other enzymes (8), it is either a protein or has protein as an 
indispensable part of it. This must be the case even though it 
gives negative or very weakly positive protein reactions. ‘That 
enzyme or protein solutions may be too dilute to respond to pro- 
tein precipitants and color tests is probable. The diluting agent 
may be a polysaccharide or-a lipoidal substance. Conclusions 
concerning its chemical nature cannot be drawn from such solu- 
tions. The digestion by trypsin, however, is very significant. 

The role of this enzyme in the physiology of the plant is at pres- 
ent obscure. There is practically no ascorbic acid, reduced or 
oxidized, present in the fruit. It is possible that it plays a part 
in the early life processes during ripening or that it is stored in 
this organ for use by the leaves. 
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A PRELIMINARY PHYSICOCHEMICAL STUDY OF THE 
REDUCING ACTION OF GLUCOSE 


By WILLIAM B. WOOD, Jr. 


(From the Department of Physiological Chemistry, the Johns Hopkins 
University, School of Medicine, Baltimore) 


(Received for publication, March 30, 1935) 


Most of the current methods for the quantitative determination 
of blood sugar are based upon the oxidation of glucose by either 
copper or ferricyanide salts. Although a great many methods 
have been devised—colorimetric, manometric, titrimetric, electro- 
metric—all of which take advantage of the reducing action of 
glucose in an alkaline medium, few physicochemical studies have 
been made of the irreversible oxidation-reduction reaction involved. 
Somogyi (1) and Shaffer and Somogyi (2) have investigated the 
effect of varying the concentration and ratio of carbonates on (a) 
the rate of copper reduction and (b) the final amount of copper 
reduced. Van Slyke and Hawkins (3) have made an analogous 
study with ferricyanide solutions. Outside of the work reported 
by these investigators, however, very little has been done along 
such lines. This is undoubtedly because none of the methods in 
common use enables one to follow with ease the progress of the 
reaction throughout the period during which the glucose is actually 
being oxidized. 

Method 

In order to obtain such a continuous record, a potentiometric 

method was devised, based upon the use of the following cell. 


R S 
Fe(CN). Fe(CN Ye 
pt | de Key | Fe(ON)s Pt 
Alkaline buffer Alkaline buffer 
Glucose 
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The standard reference half-cell, S, is connected to the reaction 
half-cell, R, by a salt bridge. Each arm of the salt bridge passes 
through a 2-hole rubber stopper, through which passes also a small 
glass tube into which is fused a bright platinum electrode. The 
bridge contains a 3-way stop-cock, which is closed before the bridge 
is set in place. This prevents a siphon being set up between the 
two half-cells. If the cock is greased at the two ends in such a 
way as to allow a thin film of KCl to connect the two sides of the 
bridge, the internal resistance remains sufficiently low to enable 
one to read the potentiometer to 0.0002 volt.1 To each of the 
half-cells is added the same amount of an aqueous solution contain- 
ing K;Fe(CN)s and in equivalent concentra- 
tions, and an alkaline buffer. A given volume of glucose solution 
is added to the reaction half-cell, R, whereas an equal volume of 
distilled water is added to the standard reference half-cell. The 
salt bridge having been set in place, the tubes are immersed in a 
boiling water bath. 

The potential difference, EL, between the two half-cells S and 
R at 100° will be 


= 0.0741 log _ 9.0741 tog 
[Fe(CN)el 
+ 0.0741 log 


where brackets indicate molar concentrations, y indicates activity 
coefficient, and the primed quantities refer to the standard refer- 
ence half-cell, S, to which no glucose is added. 

By reason of the high valence charges of the ferricyanide and 
ferrocyanide ions, they will have considerable effect upon the ionic 
strength of the solution, and the changes in the activity coefficients 
which occur when ferricyanide is converted into ferrocyanide 


! When heated, as described below, the KCl solution in the arms of the 
salt bridge expands slightly, so that a very small quantity of KCl is forced 
into each of the half-cells. In a properly constructed bridge, however, 
the same amount of KCl is thus introduced into each half-cell, and in- 
fluences the potential only in so far as it alters the activities of the ferri- 
cyanide and ferrocyanide ions. The error was determined experimentally, 
and found to be negligible. 


Y Fe(CN)s6’Fe(CN)s 
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should not be neglected in strictly accurate measurements. On 
the other hand, it is possible, when working with small quantities 
of glucose, to let the absolute amounts of potassium ferricyanide 
and potassium ferrocyanide become small in proportion to the total 
ionic strength of the solution, which is determined largely by the 
buffer. The change of ferricyanide to ferrocyanide also may be 
small under these conditions, and as a first approximation, the 


last term in Equation 1 may be eliminated. Also, if [Fe(CN).]’/ 


[Fe(CN).]’ remains equal to unity in the reference half-cell S, 
and the measured potential is stated as a positive number, 


[Fe(CN 


[Fe(CN)e]. 


(2) E, = +0.0741 log 


When the time ¢ equals 0, and [Fe(CN).] = [Fe(CN)«] = C, E, 
equals 0. If sufficient time is allowed for the glucose-ferricyanide 
reaction to go to completion, a constant number of moles of ferri- 
cyanide, k, will, under fixed conditions, be reduced per mole of 
glucose. It follows that 


(3) E,: = +0.0741 log 


where E,, is the final potential, C indicates the initial concentra- 
tion of ferricyanide and of ferrocyanide, and s refers to the molar 
concentration of sugar. E, therefore, is a function of s, and the 
concentration of s in solution in half-cell R may be determined 
potentiometrically. In addition, the method makes it possible 
to follow the progress of the-reaction since the amount of ferri- 
cyanide reduced by the glucose at time ¢ is recorded indirectly 
upon the inert platinum electrode of the reaction half-cell. 

It is possible to justify the use of the proposed method and to 
confirm the formula derived above, by direct experimental evi- 
dence. 

The term k in Equation 3 represents the number of moles of 
ferricyanide reduced by 1 mole of glucose. This factor, as has 
been clearly shown by Van Slyke and Hawkins (3), varies with 
the concentration of the oxidizing agent (ferricyanide), and with 
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the alkalinity of the solution. Its value, therefore, must be deter- 
mined for a given set of reagents. ‘This may be done by observing 
the final potential generated by a glucose solution of known con- 
centration, and solving for the unknown term &k in the equation. 
If the equation holds, k will remain constant for a given reagent 
regardless of variations in glucose concentrations. The values 
for k, when C = 0.005 o and s is varied as indicated, are listed 
in Table I. The average value of k is 5.42, and the maximum 
deviation from this value is 0.04. Since such a deviation is 
equivalent to an error of less than 1 mg. per 100 ec. in a blood sugar 
measurement, the use of the method for studying the reducing 
action of glucose is clearly justified. 


TABLE I 
Verification of Potential Equation 
Concentration of glucose Final potential k 
moles per l mg. per 100 ce. volt 
1.39 K 1074 50 0.0098 5.42 
2.78 X 1074 100 0.0200 5.42 
4.17 < 1074 150 0.0314 5.46 
5.56 & 1074 200 0.0448 5.45 
6.95 1074 250 0.0630 5.38 
8.33 XK 10~4 300 0.0965 5.38 


Factors Influencing Rate and Extent of Glucose Oxidation—The 
chemical reaction involved in the oxidation of glucose by an inor- 
ganic oxidizing agent in an alkaline medium may be influenced 
by at least five possible variables: (1) pH of the solution, (2) tem- 
perature, (3) salt content of the solution, (4) concentration of 
glucose, (5) concentration of oxidant (in this case, ferricyanide). 
In order to make a complete study of the reaction under conditions 
of the blood sugar method, it will be necessary to investigate the 
effect of varying each one of these five factors while the other 
four are maintained constant. | 

1. pH of Solution—Shaffer and Somogyi (2) have shown that 
as the pH is decreased the oxidation of glucose by copper salts 
becomes slower, and the final amount of copper reduced by 2 
mg. of glucose increases. They were further able to show that 
the amount of copper reduced is a linear function of log (NagCOs) / 
(NaHCOQ;), and thus of the pH of the solution. No such complete 
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study has been made with a ferricyanide reagent, although the 
data reported by Van Slyke and Hawkins (3) give a rough indica- 
tion that similar relations exist in this case. It therefore seemed 
advisable to study in some detail the effect of pH upon the ferri- 
cyanide-glucose reaction, in order to make possible an adequate 
comparison with its effect upon the analogous copper-glucose 
reaction. 

Sgrensen’s glycocoll-NaOH buffers? were used instead of the 
carbonate-bicarbonate buffers used by Shaffer and Somogyi. The 
group of curves shown in Fig. 1 illustrates clearly the effect of 
change in pH upon the oxidation of glucose. It will be noticed 
that here, as in the case of the copper reagent, a lowering of pH 
causes (a) a slowing of the reaction and (b) an increase in the final 
amount of ferricyanide reduced. In choosing a suitable reagent 
for sugar determinations, one must, therefore, sacrifice speed for 
sensitivity, or vice versa. 

If the final potential, or preferably, the number of moles, A, 
of ferricyanide finally reduced per mole of sugar, is plotted against 
the change in pH, the following linear relation is seen to exist. 


(4) A = —1.54pH + C 


The similarity of these results to those obtained by Shaffer and 
Somogyi with copper solutions is at once evident, and will be dis- 
cussed further. 

2. Temperature—The question arises as to whether or not the 
slowing of the oxidation of glucose by means other than that of 
decreasing the pH of the solution will cause an increase in the 
amount of oxidant reduced. A study of the effect of temperature 
variation throws definite light upon this problem. A 5° decrease 
in the temperature of the. water bath in which the tubes are im- 
mersed causes the number of moles of oxidant reduced per mole of 
glucose to increase from 4.95 to 5.25. The curves in Fig. 2 show 
the similarity of the results obtained by lowering the temperature 
to those obtained by lowering the pH.* A decrease of 5° seems to 


2 Walbum’s data indicate that the pH of these solutions at 100° lies 
between 9.5 and 10.5 (see (4)). 

3 Fig. 2. shows the effect of decrease in temperature upon the potential. 
It should be noted that a decrease in temperature, by affecting the term 
RT/nF, tends to lower the potentiometer reading. Thus the increase in 
the amount of oxidant reduced by the glucose is even greater than the 
curve indicates. 
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be roughly equivalent to a change of 0.2 pH unit. These results 
serve to emphasize the already well known fact that appreciable 
errors in sugar determinations may be introduced by improper 
control of heating, generally due to the use of blood sugar tubes 


of various thicknesses. 
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Fic. 1. Effect of changes in hydrogen ion concentration The reaction 
tubes contain 5 ec. of glucose solution (30 mg. per 100 cc.), 2.5 cc. of 0.02 m 
ferrocyanide + 0.02 m ferricyanide reagent, and 2.5 cc. of Sgrensen’s gly- 
cocoll-NaOH buffers containing the following amounts of 0.1 mM glycocoll + 
0.1m NaCl (A) and 0.1 N NaOH (B): Curve I, 0 parts A, 10 parts B; Curve 
II, 1 part A, 9 parts B; Curve III, 2 parts A, 8 parts B; Curve IV, 2.5 parts 
A, 7.5 parts B; Curve V, 3 parts A, 7 parts B; Curve VI, 3.5 parts A, 6.5 


parts B. 


3. Salt Concentration—There is a third possible change in condi- 
tions which will yield results like those brought about by decreas- 
ing the pH or by lowering the temperature; namely, the addition 
of an appreciable quantity of KCl to the solution. The addition 
of salt results in retarding the reaction and increasing the final 


g 
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amount of oxidant reduced. Shaffer and Somogyi report similar 
findings when the total carbonate concentration is raised, or when 
such a salt as Na,SO, is added to the solution. 

Thus both the speed of the reaction and the final amount of 
oxidant reduced may be altered in essentially the same manner 
by decreasing the pH, by lowering the temperature, or by increas- 
ing the salt content. 

4. Concentration of Glucose—Fig. 3 shows the effect of varying 
the concentration of glucose alone. The figures in Table I demon- 
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Fic. 2. Effect of changes in temperature. The conditions are the same 
as for the tube for which the results are given in Curve II of Fig. 1. 


strate clearly that the final amount of ferricyanide reduced is 
directly proportional to the concentration of glucose, at least 
within the range of 0 to 15 mg. per 100 cc. (0 to 300 mg. per 100 
ee. of blood sugar). The validity of Equation 3 depends upon 
this fact. The reaction curves in Fig. 3, however, show that the 
time required for the completion of the glucose-ferricyanide reac- 
tion (flat portion of the curve) is considerably lengthened when the 
concentration of glucose is increased. For example, in the case 


1 See also Van Slyke and Hawkins ((3) p. 761). 
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of the solution containing 2.5 mg. per 100 cc. (50 mg. per 100 cc. 
of blood sugar), the reaction is practically complete in 10 minutes, 
whereas with the 17.5 mg. per 100 cc. of solution (350 mg. per 
100 cc. of blood sugar), the reaction is still progressing rapidly at 
the end of 20 minutes. This simple fact is often neglected by 
investigators who, in attempting to determine the optimum heat- 
ing time for a reagent, use a glucose solution of relatively low 


.0100\ 


77me (minutes) 


Fig. 3. Effect of changes in glucose concentration. The reaction tubes 
contain 5 cc. of 0.025 m ferrocyanide + 0.025 m ferricyanide reagent buffered 
with 0.5 mM Na2COQOs, and 5cc. of glucose solutions of the following concentra- 
tions: Curve I, 5 mg. per 100 cc.; Curve II, 15 mg. per 100 cc.; Curve III, 
25 mg. per 100 cc.; Curve IV, 35 mg. per 100 cc.; Curve V, 45 mg. per 100 ec. 


concentration (usually equivalent to 100 mg. per 100 cc. of blood 
sugar) instead of a solution containing the maximum amount of 
glucose to be measured by the method. 

&. Concentration of Ferricyanide—Hawkins and Van Slyke have 
shown that the amount of ferricyanide reduced by a given quan- 
tity of glucose varies with the concentration of ferricyanide pres- 
ent, a 10-fold increase in ferricyanide causing a 30 per cent increase 
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in reduction. This seems to indicate that wherever possible® an 
excess of ferricyanide should be used to secure maximum sen- 
sitivity. 

The importance of recognizing the existence of each of the above 
five variables related to the oxidation of glucose cannot be too 
strongly emphasized. Not only must they be carefully controlled 
in all sugar methods, but their individual and combined effects 
upon the reaction must be taken into account in any attempt to 
find an optimum reagent for quantitative sugar determination. 

The similarity of the results obtained in using ferricyanide and 
copper solutions in the oxidation of glucose has already been briefly 
mentioned. Certain theoretical relations of considerable interest 
are revealed by a more careful examination of the data available. 
Shaffer and Somogyi have shown that in a copper solution con- 
taining 0.3 mole of NazCO; and 0.3 mole of NaHCQs, 20 ce. of 
0.005 N copper are reduced by 2 mg. of glucose, which is equivalent 
to 4.8 X 10-5 moles of copper being reduced per mg. of glucose. 
If a ferricyanide solution is used, containing these same concentra- 
tions of NaeCO3 and NaHCOs, 4.9 10-5 moles of ferricyanide 
are reduced per mg. of glucose. The two solutions, as regards 
the controlling factors discussed above, were essentially similar. 
In addition, comparison of the data for ferricyanide and copper, 
regarding the effect of changing the alkalinity of the solution, 
reveals the fact that a unit fall in pH causes approximately the 
same increase in the quantity of oxidant reduced in both cases. 
The linear relations involved are, A = — 1.54pH + C in the case of 
ferricyanide, and A = — 1.7ApH + C in the case of copper. Thus 
it appears that the cupric ion and the ferricyanide ion, although 
they possess many dissimilar chemical properties, exhibit a strik- 
ingly similar action in oxidizing glucose in alkaline solution. 

The work of Van Slyke and Hawkins, and that of Shaffer and 
Somogyi, and the data reported above, all show clearly that any 
change in experimental conditions which slows the oxidation of 
glucose invariably results in an increase in the amount of oxidant 


5 In the case of the potentiometric method, an increase in ferricyanide 
(and therefore in ferrocyanide) in the reagent would decrease the sensitivity 
by its poising action upon the ferricyanide-ferrocyanide oxidation-reduc- 
tion system. 
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reduced. This fact cannot as yet be satisfactorily interpreted, 
due to the present lack of knowledge as to the intermediate break- 
down products of glucose. 

Effect of Cyanide upon Reducing Action of Glucose—None of the 
sugar methods at present available for clinical use determined 
exactly the concentration of glucose in blood. As is well known, 
this inaccuracy is due to the existence of certain non-fermentable 
reducing substances in all blood filtrates, and according to Somogyi 
(5) and the work of Fashena (6), these substances may be con- 
sidered to be glutathione and ergothioneine. 

Many attempts have been made to procure reagents which 
would measure accurately the ‘glucose content of the blood, and 
yet be unaffected by the non-glucose substances. The marked 
effect of changes in alkalinity upon the reactivity of glucose is 
common knowledge. Unless changes in pH affected the glucose 
and the non-fermentable substances in the same manner, it might 
be expected that a reagent of optimum hydrogen ion concentration 
could be found, which would oxidize a minimum amount of the 
non-glucose material. Several different reagents have been pro- 
posed with this possibility in view, but the blood sugar values 
obtained by most of the clinical methods remain 20 to 30 mg. per 
100 cc. too high, due to the reducing action of the non-glucose 
fraction of the filtrate. That such results might be expected is 
indicated in Fig. 4, for, as will be seen, changes in the alkalinity of 
the reagent affect the glucose and the non-fermentable substances 
in very much the same manner.‘ 

Two of the most recently devised sugar methods, namely those 
of Folin (7) and of Benedict (8), give “sugar” values of about 
20 mg. per 100 cc. less than do other methods. The lower values 
have been shown to be due to the greater specificity of the reagents 
used, a smaller fraction of the total reduction being attributable 
to the non-glucose portion of the blood filtrate. No adequate 
explanation has been given, however, for the specificity of these 
particular reagents. 

One of the distinctive features of the reagent used in the Folin 
-microcolorimetric method is the presence of a small amount of 
NaCN. The introduction of that substance was prompted by 


6 Folin-Wu blood filtrates (laked) were used in all experiments. 
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the fact that it was found to “increase greatly the color obtained 
from a given quantity of sugar.” 

Experiments have been carried out, with the ferricyanide poten- 
tiometric method, in an attempt to investigate further the effect 
of cyanide upon the oxidation of glucose. The results obtained 
by adding varying amounts of NaCN to the alkaline ferricyanide- 


: 
Glucose Solution 
.0400 o—_t—+# 


Fermented filfrate—@ 


7ime (minutes) 

Fic. 4. Effect of changes in pH on the non-glucose reducing substances 
of blood filtrates. The reaction tubes contain 2.5 cc. of 0.01 m ferrocyanide 
+ 0.01 m ferricyanide reagent, and the following amounts of Sgrensen’s 
glycocoll-NaOH buffers: Curves I and III, 1 part of 0.1 mM glycocoll + 0.1m 
NaCl and 9 parts of 0.1 N NaOH; Curves II and IV, 2.5 parts of 0.1 m gly- 
cocoll + 0.1m NaCland6.5 parts of 0.1N NaOH. The tubes represented by 
Curves I and II contain 5 ce. of fermented blood filtrate; and Curves III 
and IV, 5cc. of glucose solution (100 mg. per 100 cc.). 


ferrocyanide reagent (in both half-cells) are shown in Fig. 5. It 
will be noticed that the reducing properties of the glucose solution 
are greatly increased by the presence of NaCN, the increase 
being proportional to the amount added. When the molar con- 
centration of cyanide is approximately 10 times that of the glucose, 
the reducing power is increased well over 100 per cent. It should 
be added that the reducing action cannot be raised indefinitely by 
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the addition of NaCN, for when still larger quantities are added, 
the power of the solution to reduce ferricyanide gradually dimin- 
ishes. Further studies must be carried out before any explanation 
can be offered for the depressant action of the higher concentrations. 

It is essential to determine whether the cyanide acts directly 
upon the glucose, or whether it merely affects the ferricyanide- 


2 
(minetes) 


Fic. 5. Effect of cyanide on the reducing action of glucose. The reaction 
tubes contain 5 cc. of 8.33 X 10~‘ m glucose solution and 5 cc. of 0.025 m 
ferrocyanide + 0.025 m ferricyanide reagent buffered with 0.8 per cent 
Na2CO; and containing NaCN at concentrations varying from 0.00 m in 
the experiment represented by Curve I to 9.18 X 10-3? min Curve VIII. 


ferrocyanide reagent. This may be done by studying the effect 
of cyanide on the reducing action of the sugar when some oxidizing 
agent other than ferricyanide is employed. A methylene blue 
timing method’? was therefore used, by which the relative reducing 


7 This method differs from the Hawkins-Van Slyke timing method (9) 
only in the utilization of methylene blue in place of ferricyanide as the 
oxidizing agent. 
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powers of glucose solutions containing varying amounts of cyanide 
were determined, merely by observing the speed with which the 
methylene blue was reduced. The results obtained by this method 
were similar to those observed potentiometrically, indicating that 
the action of the cyanide is independent of the ferricyanide oxidiz- 
ing agent. No experiments with a copper reagent have as yet 
been carried out. 

In addition, experiments with fermented Folin-Wu blood fil- 
trates showed clearly that the addition of cyanide had no appre- 
ciable effect upon the reducing action of the non-glucose substances. 

The results of these experiments thus suggest a possible explana- 
tion of the low values obtained with the Folin microcolorimetric 
blood sugar method. Since NaCN greatly enhances the reducing 
action of the glucose, and does not affect the non-glucose fraction, 
a smaller percentage of the total reduction will be due to the non- 
fermentable substances in the filtrate. This will give lower and 
more nearly correct sugar values. 

The general practice of adding cyanide to blood sugar reagents, 
however, cannot be recommended on the basis of this preliminary 
report. Further studies must be made, particularly in relation to 
the possible errors involved in the use of cyanide. For example, 
the above data indicate that variations in the glucose to cyanide 
ratio alter the reducing action of the glucose. If glucose solutions 
of different concentrations are to be measured, the ratio will not 
remain constant, and thus the amount of oxidant reduced may not 
be strictly proportional to the quantity of glucose present. The 
data available are also far too incomplete to warrant any conclu- 
sion as to the exact nature of the action of cyanide upon the reduc- 
ing properties of glucose. 


SUMMARY 


1. A potentiometric method is described for studying the prog- 
ress of an irreversible oxidation-reduction reaction, such as the 
oxidation of glucose by ferricyanide. 

2. The oxidation of glucose by an inorganic oxidizing agent, 
such as ferricyanide ion, is shown to be dependent upon the 
following factors. 

pH of Solution—An increase in acidity causes a slowing of the 
reaction and an increase in the final amount (A) of oxidant 
reduced, following the linear relation A = — 1.5A4pH + C. 
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Temperature—A lowering of the temperature brings about the 
same qualitative result as does lowering the pH. 

Salt Content of Solution—Increasing the salt content likewise 
retards the reaction and increases the final quantity of oxidant 
reduced. 

Concentration of Glucose—The final quantity of oxidant reduced 
is directly proportional to the concentration of glucose (within the 
limits of blood sugar determinations), and the greater the concen- 
tration of glucose, the longer is the reaction time. 

Concentration of Oxidant—Increasing the concentration of the 
oxidant slightly increases the final amount of oxidant reduced. 

3. A striking similarity is pointed out in the data obtained with 
ferricyanide and with copper solutions. 

4. The reducing action of glucose is shown to be greatly in- 
creased by the presence of NaCN, a fact which offers an explana- 
tion of the low blood sugar values obtained with the Folin micro- 
colorimetric method. 
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In a previous communication from this laboratory (1) data were 
presented which emphasized the danger of coprophagy as it affects 
vitamin B and vitamin G assays. In a later publication (2) fur- 
ther data were submitted which showed that the type of carbo- 
hydrate employed in making up vitamin B- and vitamin G-defi- 
cient dietaries is an important factor in this consideration. 

The experiments herein described were carried out as a continu- 
ation of the latter investigation. Through these studies, addi- 
tional data have been obtained concerning dextrinized corn-starch 
and sucrose-containing diets; and, in addition, diets containing 
lactose, glucose, and commercial corn-starch have likewise been 
investigated. 


EXPERIMENTAL 


The technique employed in this investigation was for the most 
part similar to that described in a former communication. In the 
present studies, a series of diets was used which were similar in 
composition to those previously reported (2). The composition 
of these several diets differed only in the type of carbohydrate 
which they contained and is given in Table I. 

Young rats obtained from our breeding colony were used as 


* Published by permission of the Director of the Pennsylvania Agri- 
cultural Experiment Station as technical paper No. 684, Journal series. 
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experimental animals. These animals were weaned when 21 days 
of age and were put directly on experiment. In placing the ani- 
mals on experiment, efforts were made to distribute litters and 
sexes uniformly throughout the several groups. Each animal was 
placed in an individual metal cage, which was provided with a 
raised screen bottom, having 2 meshes per inch. All animals 
were provided with ample quantities of the respective diets under 
consideration. Fresh distilled water was kept before the animals 
at all times, and a weekly record was made of changes in body 
weight and of the amount of food consumed. 


TABLE 
Components and Percentage Composition of Various Diets Used in This 

Investigation 
Component Dict | Dist | ist | Die | Dit 
wa 18 18 18 18 18 
Agar agar (U.S.P. grade)................ 2 2 2 2 2 
Cod liver oil (Patch’s Medicinal)........ 2 2 2 2 2 
Detter tat (iibered)...............2005. 3 3 3 3 3 
Dextrinized corn-starchf................ 71 0 0 0 0 
Sucrose (commercial)................... 0 71 0) 0 0 
Lactose (c.p. powder)................... ) 0 71 0 0 
0 0 0 71 0 
Corn-starch (commercial)............... 0 0) 0 0° | 71 


* McCollum, E. V., and Simmonds, N., J. Biol. Chem., 33, 63 (1918). 

+t Made from commercial corn-starch by moistening the starch with a 
0.1 per cent solution of citric acid, autoclaving for 4 hours at 15 pounds 
pressure, drying, and pulverizing. 


The number of animals placed on each of the diets under con- 
sideration ranged from seventeen to forty-four animals. In the 
case of the diet containing dextrinized corn-starch (Diet 349), a 
total of forty-four animals was used. ‘Twenty-four of these ani- 
mals (Group 1) received this diet unsupplemented. This group of 
animals was put on this diet from 17 to 21 days before the remain- 
ing animals used in the investigation were placed on experiment. 
This was done in order that it might be possible to have their 
feces available as supplements to other vitamin B complex-deficient 
diets containing types of carbohydrate other than dextrinized corn- 
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starch. The feces from each of these twenty-four animals were 
removed from the pans at weekly intervals, combined, dried, ex- 
tracted with ether, and pulverized. Each weekly collection of 
feces was treated in a similar manner and added to the previous 
supply of pulverized feces. Whenever these pulverized feces were 
fed as dietary supplements, a daily quantity of 0.25 gm. was fed 
in individual glass containers. 

A second group of fifteen animals (Group 2) was placed on the 
dextrinized corn-starch diet (Diet 349). Beginning with the 2nd 
day of the experimental period, the total feces voided by each of 
these animals were placed in separate containers and returned to 
the respective cages. This practice was continued daily through- 
out the entire experimental period. 

The third group of animals (Group 3) which received this diet 
was given no additional supplement during the first 21 days of the 
experiment. On the 21st day all cages were cleaned thoroughly, 
and beginning with the 22nd day and continuing throughout the 
remainder of the experimental period, all the feces voided by each 
of these animals were returned to their respective cages. 

A total of twenty-nine animals was fed the sucrose-containing 
diet (Diet 353). These animals were divided into three groups 
as follows: Twelve animals (Group 4) received the diet unsupple- 
mented, eleven animals (Group 5) received this diet supplemented 
daily by all of their own feces, and six animals (Group 6) received 
this diet supplemented by 0.25 gm. daily of the feces voided by the 
animals of Group 1. 

Seventeen animals received the diet in which lactose constituted 
the source of carbohydrate (Diet 355). Seven of these animals 
received the diet without additional supplement (Group 7). Five 
of the animals (Group 8) had-their feces returned to the cage daily, 
while each of the five remaining animals (Group 9) received daily 
0.25 gm. of the feces voided by the animals of Group 1, as a sup- 
plement to the diet. 

A total of twenty animals received the diet containing glucose as 
the source of carbohydrate (Diet 356). A group of five of these 
animals (Group 10) received no further dietary supplement. A 
second group, containing nine animals (Group 11), had their own 
feces returned to the cage daily. Each of the remaining six 
animals (Group 12) received daily allotments of 0.25 gm. of pul- 
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verized feces which had been voided by those animals composing 
Group 1. 

Eighteen animals received the diet in which commercial corn- 
starch constituted the source of carbohydrate (Diet 357). Six 
of these animals received this diet without further supplementation 
(Group 13). A second group of six animals (Group 14) had their 
own feces returned to the cage daily, while each of the remaining 
six animals (Group 15) received daily 0.25 gm. of the pulverized 
feces from the animals of Group 1, as a supplement to this diet. 

A condensed outline of the plan of these studies, together with 
the corresponding growth responses, is given in Fig. 1. 


DISCUSSION 


On examining the data obtained in these studies (Fig. 1) it at 
once becomes apparent that those groups of animals which had 
access to feces, voided by other animals while receiving a diet in 
which dextrinized corn-starch constituted the source of carbohy- 
drate, made a much more favorable growth response than did com- 
parable groups of animals which had received the respective diets 
unsupplemented. This condition is found to be true in every case, 
regardless of the type of carbohydrate used in the diet. On the 
other hand, when groups of animals receiving each of the several 
diets had access to their own feces, marked beneficial effects toward 
growth were shown only by those animals which had received the 
diet containing dextrinized corn-starch (Curve 2). A slightly 
beneficial effect of coprophagy was also shown by those animals 
which received the diet containing lactose (Curve 8). The well 
being of those animals which received diets containing sucrose, 
glucose, or commercial corn-starch was only very slightly affected 
by having access to their own feces during the entire experimental 
period (Curves 5, 11, and 14). In fact, the growth responses made 
by these groups of animals did not differ greatly from the responses 
made by those groups of animals which received similar dietaries, 
but which did not have access to their feces (Curves 4, 10, and 13). 
When the animals composing the various groups were denied access 
to their own feces, their deportments were found to be relatively 
similar regardless of the type of carbohydrate used in the diet 
(Curves 1, 4, 7, 10, and 13), although less paralysis and lower 
mortality were observed among the animals which received the 
dextrin diet. 


4 
} 
# 
|_| 
|_| 
3404) 
| 


Guerrant, Dutcher, and Tomey 237 


From the above facts it appeared evident that dextrinized corn- 
starch was at least one of the dietary factors which determines the 
vitiating effects of coprophagy. Since no plausible explanation 
was known concerning the mechanism through which this dietary 
factor reacted in order to bring about this vitiating effect, some 
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Fic. 1. Showing graphically the average growth responses made by the 
several groups of animals during the 8 week experimental period. The, 
number preceding the growth curves designates the respective diets, the 
number in parentheses denotes the number of animals considered, and the 
numbers following the growth ‘curves designate the respective animal 
groups. The break in the curves designates the initial death among the 
animals comprising the respective groups. 


time was devoted in an attempt to throw some light on this sub- 
ject. Any belief that the beneficial effects of the dextrinized starch 
was due to the retained vitamin or vitamins does not seem tenable 
when we are confronted with the fact that the untreated starch 
failed to show any such properties (Curve 14). Naturally, our 
thoughts turned toward an investigation of the intestinal flora of 
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experimental animals which were receiving some of the diets men- 
tioned above. In our past experience with vitamin B complex- 
deficient diets containing dextrinized corn-starch, sucrose, and 
glucose as sources of carbohydrate, we have observed a very defi- 
nite contrast in the nature of the feces voided by the animals given 
dextrin, compared to the feces voided by the animals receiving 
either the sucrose or the glucose diets. The feces voided by the 
animals given dextrin were invariably well formed, large bulky 
pellets, having a dark grayish color, while those voided by animals 
receiving the sucrose and the glucose diets were usually small black 
pellets of stringy or irregular form, and of such nature as to indicate 
a certain degree of constipation. It, therefore, seemed entirely 
possible that the beneficial effects of coprophagy among rats re- 
ceiving diets containing dextrinized corn-starch might be the result 
of the action of certain microorganisms that inhabited the digestive 
tract of the animals when taken from the breeding colony and 
placed on experiment. And it also seemed that, if such was the 
case, the effects of coprophagy might become less pronounced as 
the experiment progressed. An examination of Curve 2 (Fig. 1) 
does not show this to be the case. In fact, when experimental 
animals, which received diets containing the dextrinized starch, 
were denied access to their feces for the first 21 days of the experi- 
mental period, and after this date were fed their own feces daily, 
the resultant growth responses were comparable to those produced 
by other animals on a similar regimen but having access to the 
feces from the beginning of the experiment (Curves 2 and 3). 
From this it appears that either the bacterial flora of the digestive 
tract of the rat is not readily altered by changes in the dietary 
habits of this animal, or else the bacterial flora in the digestive 
tract of the rat (when placed on experiment) is not an important 
consideration in this connection. 

The bacteriological phase of the problem was attacked from 
other angles with the hope of ascertaining the etiological factor 
implicated. This study was conducted solely on experimental rats 
receiving either the dextrin- or the sucrose-containing diets, since 
such rats had shown the greatest discrepancies in the feces voided. 
The most suggestive part of this phase of the study presented 
itself when feces from groups of rats receiving these two diets (Diets 
349 and 353) were suspended in saline solutions and streaked on 
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eosin-methylene agar. The results, while not definitely conclusive, 
were sufficiently indicative to state that cultures made from the 
feces of rats fed on the dextrin diet resulted in an abundant growth 
of non-metallic type of colonies, whereas the cultures made from 
the feces of the rats receiving the sucrose diet gave invariably the 
typical metallic colonies, and these in relatively small numbers. 
Such findings, however, did not prove of definite significance. 

Since attempts to feed cultures of the various isolations of the 
non-metallic colonies or organisms to vitamin B-deficient animals 
as dietary supplements did not meet with success, an attempt was 
made to locate the particular region of this synthetic activity 
within the digestive tract of the rat. In order to do this, twenty- 
three healthy young rats were maintained on the dextrin diet 
(Diet 349) for 4 weeks. They were then killed and the entire 
digestive tract removed and cut into eight proportional lengths. 
The unabsorbed material was removed from each of the corre- 
sponding sections separately, dried in a partial vacuum, and fed 
in proportional amounts to other animals as supplements to a 
vitamin B complex-deficient diet. The results obtained proved 
unusually interesting. Growth responses were made only by 
those vitamin B-deficient animals which received the unabsorbed 
material from the cecal and the colonic sections of the digestive 
tract. Material which had been taken aseptically from the cecum 
of dextrin-fed rats and cultured on a sterile medium (made up of 
95 parts of nutrient broth and 5 parts of Diet 349) for 4 days at 
37° gave a profuse growth of yeast, while material taken from the 
cecum of the sucrose-fed rats and treated in a similar manner gave 
only a mixed culture with a preponderance of the colon type of 
organism. When the same materials were cultured on a sterile 
medium containing 95 parts of nutrient broth and 5 parts of Diet 
353,"under similar conditions, little or no growth of yeast was 
observed from either culture. These results indicated that this 
phase of the investigation was a definite problem in itself; there- 
fore, no efforts were made to carry these particular studies beyond 
this point. 

As a result of the above findings we were led to believe that 
we had finally obtained an answer to the question, why is dextrin 
an unsatisfactory source of carbohydrate when incorporated into 
diets used in assaying for the B vitamins? Since the presence of 
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yeast in the digestive tract had been established, little re- 
mained to be assumed as to why coprophagy among experi- 
mental rats receiving diets containing dextrinized corn-starch 


had vitiating effects on vitamin B and vitamin G assays. 


Our attention had been previously attracted by the unusually 
large cecum of those animals which had received the dextrin- 
ized corn-starch diet compared to the size of the cecum of other 
animals that had received vitamin B complex-deficient diets which 
contained either sucrose or glucose as the source of carbohydrate. 
On autopsy examination of such animals, the cecum of the dextrin- 


NORMAL CECECTOMIZED 


Fic. 2. Showing the digestive tract of the cecectomized rat as it appeared 
at the end of the experimental period, as well as that of a normal animal! 
of comparable weight, which had been fed a diet containing dextrin as the 
sole source of carbohydrate. 


fed rat was invariably found to be distended and filled with residual 
dietary material, while the cecum from the sucrose-fed rat or that 
of the glucose-fed rat was usually contracted and practically void 
of food material. Since previous tests had shown that the cecal 
contents of dextrin-fed rats was highly effective in supplementing 
a vitamin B-deficient diet, it seemed highly probable that the 
elaboration of the supplementary substances might take place in 
this organ. To determine if this was actually the case two healthy 
rats of about 60 days of age were anesthetized and the ceca re- 
moved (Fig. 2). Only one of the animals completely recovered from 
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the operation, the other having died several days after the operation, 
evidently as a result of intestinal obstruction. The animal that 
recovered was given a 6 week postoperative period, during the 
last 4 weeks of which it received our regular breeding colony diet. 

‘’ the end of the 6 week postoperative period thig animal was — 
placed on the dextrinized corn-starch diet (Diet 349), and was 
maintained on this diet throughout the remainder of the experi- 
ment. During the first 28 days, the animal received this diet 
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Fic. 3. Showing the responses made by a cecectomized rat (Animal 
9404-A) receiving a vitamin B complex-deficient diet as a result of certain 
dietary supplements, as well as the responses made by another animal 
(No. 9404) which had access to all feces voided by the cecectomized animal. 


without additional supplement, and, as the result, declined in 
weight to the extent of 24 gm. The animal was then fed a daily 
supplement of 0.4 gm. of pulverized feces which had been voided 
by the animals of Group 1. The feeding of feces as a dietary sup- 
plement was continued for 5 weeks, during which time the animal 
gained 26 gm. During the next 4 weeks the basal diet remained 
unsupplemented, and again the animal lost weight, this time to 
the extent of 31 gm. This was followed by a 5 week period, during 
which 0.2 gm. of dry bakers’ yeast was fed daily as a dietary sup- 
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plement. During this yeast feeding period the body weight of the 
animal increased 38 gm. When this yeast feeding was discon- 
tinued, the animal declined in weight, with the resultant loss of 28 
gm. during a 5 week period. But when the yeast supplement 
was again fed, this loss in weight was rapidly regained. 

After the cecectomized animal had been on the dextrinized corn- 
starch diet for a 2 week period, the feces of this animal were col- 
lected daily and fed to another but younger animal which received 
the diet containing sucrose as the carbohydrate (Diet 358). Fig. 3 
shows the various changes in regimen of these two animals and also 
gives the corresponding responses made as a result of such changes. 

From an examination of the two growth curves given in Fig. 3, 
it is shown quite conclusively that Animal 9404 could not maintain 
growth while subsisting upon a vitamin B complex-deficient diet 
which was supplemented daily by the feces voided by Animal 
9404-A, except when the latter animal was also receiving such 
dietary supplements. This would indicate that the feces from 
Animal 9404-A did not contain the required substances necessary 
to supplement a vitamin B complex-deficient diet, except when 
the diet of this animal was being supplemented by such dietary 
essentials. Such had not been the case when the animals of 
Group 6 had been fed the feces voided by the animals of Group 1 
(Fig. 1). Therefore, it seems highly probable that the supple- 
mentary value of the feces voided by Animal 9404-A had been 
greatly reduced as the result of the removal of the cecum. 

It is recognized that definite conclusions cannot be safely drawn 
from the observation on only one animal or a pair of animals. 
The data obtained in this connection are significant, however, in 
that they substantiate that which had been formerly obtained; 
namely, that it is in the cecum of the dextrin-fed rat that the unab- 
sorbed food materials first become capable of supplementing 
vitamin B complex-deficient diets. Thus, it would appear that 
the cow is not unique in its ability to synthesize the B vitamins in 
its digestive tract (3). The cow does have the advantage over the 
rat in that the vitamins are synthesized higher up in the alimentary 
canal of the cow (rumen), thus enabling this animal to secure (on 
a ration deficient in the B vitamins) full benefits of the synthesized 
products without the necessity of reingestion of feces. 
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SUMMARY 


1. Data are presented which show that the vitiating effect of 
coprophagy on the assay of the B vitamins is much more serious 
when the experimental diet contains dextrinized corn-starch as a 
source of carbohydrate than when the diet contains a similar 
amount of either sucrose, lactose, glucose, or commercial corn- 
starch. Lactose, however, appears to occupy somewhat of an 
intermediate position between the dextrins and sucrose in this 
respect. 

2. This peculiar property of the dextrinized corn-starch is not 
due to the retained B vitamins, but rather to the formation of these 
vitamins in the lower part of the digestive tract of the rat, as a 
result of the incomplete digestion of this particular form of carbo- 
hydrate. 

3. This dietary elaboration spparently takes place in the cecum 
of dextrin-fed rats. 

4. Since live yeast cells were found to exist in ‘the cecum of such 
rats in enormous numbers, these microorganisms are believed to 
be the specific agents of elaboration of the B vitamins. 
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ON THE PRESENCE OF CREATININE IN BLOOD 


By JEANETTE ALLEN BEHRE anp STANLEY R. BENEDICT 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, May 6, 1935) 


Under the above title Hayman, Johnston, and Bender (1) have 
recently published in the Journal a paper in which they conclude 
‘*’, .it seems probable that creatinine itself is the chief chromo- 
genic compound present in blood plasma.” This conclusion is 
contrary to that which was reached by us in a previous communi- 
cation (2) and is contrary to the conclusion reached by Gaebler (3) 
after an extensive investigation of this question. 

Hayman, Johnston, and Bender emphasize the fact that Lloyd’s 
reagent will remove both the creatinine-reacting substance from 
blood and creatinine from pure solution and that the chromogenic 
substance can in both instances be liberated from the Lloyd’s 
reagent with magnesium oxide. That these facts were well known 
to us is evidenced by our use of Lloyd’s reagent to extract the 
creatinine-reacting substance in an attempt to isolate creatinine 
from dog blood (2) and they were of course known to Gaebler who 
employed Lloyd’s reagent extensively throughout his entire work 
on the question of the occurrence of preformed creatinine in blood. 
Obviously, emphasizing, as Hayman, Johnston, and Bender have 
done, similarities in the behavior of the chromogenic substance in 
blood and of creatinine does not prove the identity of these sub- 
stances any more than emphasizing the similarity in behavior 
of a- and #-glucose, while avoiding the use of the polariscope, 
would prove the identity of these two sugars. 

It may be of interest, however, to point out that Hayman, 
Johnston, and Bender, even when using only Lloyd’s reagent as the 
extracting agent, could not completely reconcile the behavior of 
the blood ‘‘creatinine”’ with that of true creatinine. Thus in 
discussing why picric acid filtrates yield less chromogenic substance 
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to Lloyd’s reagent than do trichloroacetic acid filtrates Hayman, 
Johnston, and Bender state: ‘““The discrepancy, however, is some- 
what greater with serum filtrates than with pure solutions. For 
this we have no explanation.” 

In our previous communication (2) we cited several findings 
which indicated that very little if any of the creatinine-reacting 
substance of blood is creatinine. The most important of these, 
and one which seems conclusive if the reported findings are correct, 
is that after precipitation of the blood proteins with picric acid, a 
filtrate is obtained in which, through the use of kaolin, the creati- 
nine-reacting substance in the blood can be sharply and quanti- 
tatively differentiated from creatinine added to blood or from 
creatinine in pure solution. The fact that creatinine may be 
quantitatively removed from pure solution by kaolin was first 
reported by Greenwald and McGuire (4). Our corroboration of 
this fact and our finding that the creatinine chromogenic substance 
in the picric acid filtrates from blood cannot be removed by treat- 
ment with kaolin, under conditions in which pure creatinine or 
creatinine added to blood can be removed quantitatively, have been 
substantiated completely by Gaebler and more recently by Bohn 
and Hahn (5). 

Hayman, Johnston, and Bender find that creatinine cannot be 
quantitatively removed from pure solution by kaolin and find 
further that kaolin added to picric acid leads to the development of 
such blanks! that they are led to conclude that, ‘“The increase in 
the intensity of color developed by addition of alkali to picric 
acid filtrates which have been shaken with kaolin we believe 
sufficient to account for failure to detect removal of any ‘creatinine’ 


1 Hayman, Johnston, and Bender fail to mention anomalous and con- 
tradictory results which are apparent in some of the experiments they 
report with kaolin and picric acid solution. Thus the data in their Table 
III show that the blank due to a fixed amount of apparently the same 
sample of kaolin varied from a value equivalent to about 0.2 mg. toa value 
equivalent to about 0.75 mg. of creatinine per 100 cc. of blood. From 
the data in Tables II and IV we find that when Hayman, Johnston, and 
Bender used a picric acid solution of pure creatinine corresponding to 
2.5 mg. per 100 ce. of serum, treatment with kaolin removed 74 per cent 
of the creatinine, while similar kaolin treatment of picric acid filtrates 
from serum containing 2.26 mg. of ‘‘creatinine’’ per 100 cc. removed less 
than 40 per cent of this ‘‘creatinine.”’ 
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with kaolin.” A moment’s consideration will serve to show that 
Hayman, Johnston, and Bender are in error in offering this expla- 
nation for the findings reported by ourselves and Gaebler. The 
assumption of any possible blank due to kaolin fails to offer an 
explanation for the sharply different behavior of creatinine and the 
blood substance toward the same sample of kaolin. Neither does 
it explain why the so called creatinine of picric acid blood filtrates 
remains practically unaltered after shaking the filtrate with 
kaolin (the variation was less than 0.2 mg. per 100 cc. of blood) 
although the original ‘“‘creatinine”’ varied from 1.19 to 3.6 mg. per 
100 cc. of blood (2). If the figures obtained after kaolin treatment 
were due to a kaolin blank, they should have been either much too 
high in the case of the low blood “creatinine”? or much too low 
when the “creatinine” was high. Hayman, Johnston, and Bender 
have apparently failed to consider these points and were content, 
on the basis of a few experiments with a single brand of kaolin (a 
brand which it happens we have never used) to dismiss the findings 
of previous investigators in this field of work and to devote the 
greater portion of their presentation to results which seem to us 
to have little or no bearing upon the question of the occurrence of 
true creatinine in blood. Hayman, Johnston, and Bender failed 
to duplicate the procedure of Gaebler in source of blood used, in 
the use of serum in place of whole blood, in degree of dilution 
employed, in precipitating agent used, in amount of Lloyd’s 
reagent for a given volume of solution, and in the method used for 
determination of creatinine. Yet because Gaebler isolated creati- 
nine after adsorption of the chromogenic compound of blood upon 
Lloyd’s reagent, Hayman, Johnston, and Bender feel justified in 
assuming that all of the chromogenic material which they ex- 
tracted from Lloyd’s reagent after treatment with their blood 
serum filtrates could be recovered as true creatinine. Obviously 
such an assumption is wholly gratuitous and unwarranted, and 
even if it were justified Hayman, Johnston, and Bender have 
failed to present any evidence that some treatment employed in 
their technique or in the technique used by Gaebler did not 
change into creatinine a creatinine precursor which existed in the 
blood. The fact that Gaebler, who isolated the creatinine, be- 
lievea that such transformation did occur, appears, curiously 
enough, to have had no weight with Hayman, Johnston, and 
Bender. 
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It appears that there is no occasion for further comment or 
discussion unless a future careful and adequate study of the 
behavior of picric acid filtrates of blood with kaolin should raise 
doubts as to the validity of the work reported by Greenwald and 
McGuire, Gaebler, and ourselves which bears upon the question of 
the occurrence of preformed creatinine in blood. Finding that 
Lloyd’s reagent will remove the chromogenic substance from blood 
filtrates or that conditions may be found under which kaolin will 
also effect this removal? cannot be held to invalidate the conclusion 
that preformed creatinine does not exist in detectable amounts 
in normal blood, since this conclusion rests upon the fact that 
blood filtrates may be simply prepared in which the creatinine- 
reacting substance in blood may be sharply and quantitatively 
differentiated from true creatinine added to the same blood. 
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2 We reported that in blood filtrates obtained by heat coagulation ((2) 
Table II) kaolin will remove very appreciable amounts of the creatinine 
chromogenic substance. Peculiarly enough Zacher! and Lieb (6) cite this 
finding as largely disproving our contention that preformed creatinine does 
not exist in normal blood, and Ferro-Luzzi (7) concludes that since he found 
a condition in which treatment with kaolin will remove the chromogenic 
substance from blood filtrates our conclusion that preformed creatinine does 
not exist in normal blood is untenable. Apparently neither Zacherl and 
Lieb nor Ferro-Luzzi has clearly grasped the fundamental assumption 
upon which our argument is based; viz., that no matter how many times 
the similarity of two compounds may be demonstrated, these compounds 
cannot be held to be one and the same so long as there remains even a single 
method by which it is possible to differentiate sharply between them when 
both are present in one solution. 
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PIGMENTS OF PINK GRAPEFRUITS, CITRUS GRANDIS 
(L., OSBECK)* 


By M. B. MATLACK 


(From the Food Research Division, Bureau of Chemistry and Soils, United 
States Department of Agriculture, Washington) 


(Received for publication, April 18, 1935) 


The history of the origin of pink grapefruits is interesting in 
that they were not developed as crosses by plant breeding, but 
were derived as bud sports from the ordinary types of grapefruit 
trees. An account of the origin of two of these fruits, namely 
Foster and Marsh (also known as Thompson) pink grapefruits, 
is given in Hume (1), while the origin of a third variety, called 
Ruby, is discussed by Welch (2). 

The Foster variety originated from a Walters grapefruit at 
Manavista, Florida, in 1907. It does not differ materially from 
the Walters, except in flesh color and in its earlier maturity. The 
flesh color of the Foster, which is pink, is confined chiefly to the 
section membranes and often shows through the rind. Two forms 
of the Marsh pink variety originated as bud sports from ordinary 
Marsh grapefruit trees, one in Florida in 1913, and the other in 
California about 1919. Both fruits seem to be typical Marsh 
grapefruit except in the color of the flesh, which approaches a 
salmon-pink. The Ruby variety was derived in 1929 as a bud 
sport from a Marsh pink grapefruit grown in Texas. It is char- 
acterized by a red-colored flesh. 

Only the Foster and Marsh fruits were employed in the present 
investigation. The presence of lycopene, one of the pigments 
found as a result of this study, in Florida pink grapefruit has been 
previously reported by the author (3). In order to confirm his 
finding and also to identify any other pigment which might be 
present, a more painstaking study of the coloring matters was 
undertaken. 


* Contribution No. 257 from the Food Research Division. 
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EXPERIMENTAL 


The fruit used in this study was obtained through the courtesy 
of Mr. J. L. Hyde of the United States Department of Agriculture 
Citrus Station, Weslaco, Texas. 2 bushels of each variety were 
used, and the method described below, with slight modifications, 
was employed in each case. 

Isolation of Pigments—After peeling the fruit and removing the 
seeds, as much juice as possible was squeezed out of the pulp and 
rag in a wine-press. The material remaining in the press was 
thoroughly mixed three times with 95 per cent ethyl alcohol and 
pressed free of liquid after each mixing. After being partly de- 
hydrated in this manner it was dried further at a low temperature, 
then finely ground in a Wiley mill, and extracted with carbon 
disulfide. It was found more convenient to extract the alcohol- 
treated Marsh fruit with acetone, without subsequent air drying. 
The acetone extract was evaporated nearly to dryness 7n vacuo 
and the residue extracted with carbon disulfide. 

The carbon disulfide extract in each case was evaporated nearly 
to dryness in vacuo, and absolute alcohol added to the residue. 
This procedure threw out a quantity of colorless material. The 
colored filtrate was saponified with cold sodium ethylate, and the 
mixture was diluted with water and extracted with ether, which 
was washed with water until free from alkali. The ethereal solu- 
tion was then dried over anhydrous sodium sulfate, evaporated 
to dryness 7n vacuo, and the residue taken up in petroleum ether. 
Some highly pigmented material was insoluble in this solvent. 
It was collected and treated with carbon disulfide, whereupon 
most of the pigment went into solution, leaving behind a colorless 
impurity. The carbon disulfide solution was evaporated almost 
to dryness in a stream of nitrogen, and absolute alcohol added to 
the residue, whereupon a red precipitate separated. ‘This was 
redissolved in carbon disulfide, and petroleum ether added. 
Typical lycopene crystals separated out. 

The petroleum ether solution, in which the more highly pig- 
mented material was insoluble, was evaporated to dryness and 
the residue dissolved in acetone. On chilling this solution color- 
less crystals separated. These were removed by filtration and 
washed with a little acetone, and the combined acetone solutions 
were evaporated in vacuo. The residue was dissolved in a little 
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carbon disulfide, and absolute ethyl alcohol added, whereupon a 
red precipitate was thrown out. The latter was purified by fur- 
ther solution in carbon disulfide and precipitation with absolute 
ethyl aleohol. A repetition of the entire process, with the residue 
from the earbon disulfide-aleohol mother liquors, yielded four 


Fig. 1. Lycopene from Foster pink grapefruit 


Fic. 2. Carotene crystal from Marsh pink grapefruit 


additional fractions of pigment in the case of the Foster material 
and two additional fractions from the Marsh material. Some of 
these fractions contained carotene as well as lycopene. 
Examination of the Pigments—Samples of pigment from both 
sources were subjected to the Tswett method of chromatographic 
analysis, Fasertonerde (fibrous aluminum oxide) as described by 
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Kuhn and Brockmann (4) being used. A petroleum ether solu- 
tion of the pigment was placed in a short column of the adsorbent. 
The carotene was passed through and the lycopene adsorbed. 
The latter was removed by petroleum ether containing 1 per cent 
absolute ethyl aleohol. After evaporation of the respective solu- 
tions in vacuo, the residues were dissolved in very small amounts 
of carbon disulfide and absolute alcohol was added. In each 
case the pigments separated in a crystalline condition and in a 
fair state of purity. Both carotene and lycopene were found in 
each variety of pink grapefruit. The actual amount obtained 
was very small. Crystalline lycopene from the Foster variety is 
shown in Fig. 1, and crystalline carotene (single crystal) from the 
Marsh variety is reproduced in Fig. 2. 


TABLE [| 


Comparison of Absorption Maxima in A. of Lycopene and B-Carotene with 
_ Pigments Obtained from Foster and Marsh Pink Grape. fruil 


Lycopene from erapefruit it | from arapet ruit 
Band No. |, Lycopene B-Carotene | 
from tomato from carrot 
Foster | Foster Marsh 
I 5205 | 5210 | 5205 | 5000 | 5000 4998 
II 5020 5025 5025 | 4670 4668 4670 
4845 4840 | 4830) | 4380) 4380 4380 
IV 4545 4550 | 4550 | 4130 | 4130 
V 428() 4283 | | 


Owing to the very small amount of crystalline material obtained, 
it was necessary to resort to spectroscopic methods for the final 
identification of the separated pigments. Spectrograms of the 
pigments were obtained through the kindness of Dr. G. I. Hilbert 
and KE. F. Jansen, Division of Fertilizer Investigations, Bureau of 
Chemistry and Soils. In the method used, which was recently 
reported (5), photographs were taken at liquid air temperature. 
From the spectrographic results the absorption maxima were 
determined. These are shown in Table I, compared with absorp- 
tion maxima of carotene and lycopene obtained from authentic 
material by the same general method. 

The data in Table I indicate a very close similarity in the ab- 
sorption maxima between the grapefruit pigments and authentic 
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lycopene and 6-carotene, and it must be assumed, therefore, that 
these pigments are responsible for the color of the flesh of Foster 
and Marsh pink grapefruit. While both pigments occur in each 
of the varieties, lycopene represents the largest portion of the pig- 
ment in the Foster, while carotene predominates in the Marsh. 
This proportionate difference in amounts of the two pigmerts 
explains why the Foster is a true pink and the Marsh is a salmon- 
pink. 


SUMMARY 


The pigments occurring in the flesh of the Foster and Marsh 
pink grapefruits were extracted with carbon disulfide and, after 
preliminary purification, separated and isolated in a fair state of 
purity by means of the Tswett chromatographic method. Their 
identification as lycopene and $-carotene was confirmed spectro- 
scopically. 
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GASTROINTESTINAL pH IN RATS AS DETERMINED 
BY THE GLASS ELECTRODE* 


By IRENE M. EASTMAN anp EDGAR G. MILLER, Jr. 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, April 25, 1935) 


Numerous data have been published in an attempt to establish 
norma! levels for the pH of the contents of the various parts of the 
gastrointestinal tract and the influence of diet on the pH. Hy- 
drogen electrodes, quinhydrone electrodes, and colorimetric 
methods have been used. It seemed desirable to restudy some 
phases of the problem with a glass electrode. This appears to 
be the most suitable method for such material as the gastrointes- 
tinal contents. There is no indication of any “poisoning’’ of the 
electrode; it seems not to be affected by other systems; and, over 
the range of pH occurring in the alimentary tract, it is accurate 
and steady, and the observations are repeatable to 0.02 pH unit. 
We used electrodes of the membrane (1) or bulb (2) type; the 
electrical apparatus, developed for this work, was that described 
by Rosebury (3). 

Many parallel determinations were made with the glass, hydro- 
gen, and quinhydrone electrodes, and by colorimetry. On stand- 
ard buffers the results were the same with all of these methods. 
On intestinal contents; however, the colorimetric methods always 
yielded slightly higher values; it was frequently impossible to 
obtain consistent results with the quinhydrone electrode, due to a 
drift in potential; and the hydrogen electrode was usually poi- 
soned too quickly for satisfactory readings. The pH values on 


* This work was aided by a grant from The Chemical Foundation, Inc., 
to this Department. 

The data in this paper are taken from a thesis submitted by Irene M. 
Eastman in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy in the Faculty of Pure Science, Columbia University. 
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the hydrogen electrode were 0.3 to 0.4 higher than on the glass 


electrode. 


455 albino rats, either 3 weeks old, or 1 to 14 years, were used. 
Groups were placed on various diets, fed ad libitum. The diets 


TABLE I—pH of Gastrainies 


Stomach | Small 
Diet No.of} Ageofrats | | | 
alalt 
64 1-14 yrs. |2.54/3.58/0.55/4.83!4. 6815/90. 
50 1-13 ‘‘ 1.88'3 .34/0 .04/4. 2616810. 
7 1-13 = |2.59/3 .65}1 . 10/5. 445 8810. 
McCollum’s Diet 50 1-14 20165110. 
Same + 2% cod liver oil.................. 50 1-13 60/6. 1216: 0. 
25 3 wks 2.55/3 90/0. 73/5. 46/5. | 
McCollum’s Diet 3143f.............. 2.08/4.81)1.01/6. 54/5. 
Same + 2% cod liver oil.................. 23 3.21/4. 64/0 .69/6.34)5. 
Steenbock’s Ration 2965f................. 23 1.81/3 .93)1.04/5. 75/4. 
Same + 2% cod liver oil................. 13 3 .47/4. 26/0 .38)4.84)5. 
Zucker’s Diet 17 3.51/4.57|0.62|5. 8016. 
Same + 2% cod liver oil.................. mis * 3.21 5.1016. 
15% cod liver oil................. 7 


* The normal mixed diet consists of 15 per cent each of corn, wheat, barley, oats, and so 
and alfalfa, and 0.5 per cent of CaCO;. This diet has been tested and successfully used in the A 
t+ McCollum’s rachitogenic Diet 3143 (13, 14), consists of whole wheat 33, whole yellow com 3: 
t Steenbock and Black’s rachitogenic Ration 2965 (15), consists of yellow corn 76, wheat glut 
§ Zucker’s rachitogenic Diet 401 (16), consists of patent flour 85, powdered egg albumin 10, C 


studied included a normal mixed diet, and diets high in protein, 
carbohydrate, or fat. Because of interest in the occurrence of 
intestinal pH changes in rickets (4-12) we also included several 
rachitogenic diets with and without cod liver oil. 
are given in Table I. 


These diets 
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After the animals were on the diet from 2 to 30 days (experience 
having shown that this time range did not alter results) they 
were killed by a blow on the head, or by chloroform. The entire 
gastrointestinal tract was removed immediately and placed under 


Gastrainestinal Contents 

upper|Small middle} Small lower Cesem Colon 
68/5 .91'6 34/0 .2216.7816 07 6.83/0 .25'7 3215. 32/6. 1610.3317.0715. 44/6 .6410. 3617.30 
5. (6.410, 0.2017. 155.8016, 250.2816 97/5.07 6.43)0.2216.98 
.63|6 40|5. 4816. 12|0.36/6.73 
4.2680 51/6 . 92/6 .27|6.71|0. 1917. 21/6 97/0 20/7 2916.74 
4 4916. 7610. 066.8817 0110. 157 
4 9415.73 6. 5997 180.33 7.67\6.71/7 .03\0.24'7 .43'6 346.8010 .2617 .25 
5. 4016. 1416 3610.16/6 65165416 8010. 
6. 6 91/6. 3216. 760. 2317 .2910. 20/7 .71|6. 27/6 8910. 25/7 31/6. 80/7 1410. 17/7 53 
6196.40.19 6 106.757.200.227 51/6. 
5 .0316 96/0 .2717.71/6.8017 .2610.2618. 1516 .85/7.42/0.31/8.05 
5. 8010 .2617.3516. 41/7 .40/0.36/8. 14/6 06/0. 1917.49 
4756.00.47 7 .0415..05|6 .58)0 47/7 2416. 30/6. 99/0. 30/8..01/6 61/7 .03|0 26/7 33)6.35/7. 12/0. 3217.83 
5.986.570.2316 87 56016. 540.346.9716 157.2 6 16/6 .80/6 .96|0.1317.35 
5.23 30.2317. 30/6 28 6.67)0.14)6.89)6 
6 2716910.14 9010. 1317 .0916.83'7.0110. 1317.27 
.4916 8817 0610. 1917 50/6. 8017. 1710.2617 .6016. 8617. 1310 1817.50 
4 246.0710 50/6 .6010.3117 
4 756.480.40'7 . 4915 43/7. 13/0. 2818. 15/6. 3517.14/0.30/8.05 
4 4915 0216 34/8. 4618.05 


pats, and soy bean, 10 per cent each of milk powder and meat scraps, 2 per cent each of NaCl 
sed in the Animal Care Department of this school. 

llow com 33, wheat gluten 15, gelatin powder 15, CaCO; 3, and NaCl 1 per cent. 

, wheatgluten 20, CaCO; 3, and NaCl 1 per cent. 

bumin 10, Ca lactate 2.8, ferric citrate 0.2, and NaCl 2 per cent. 


oil; the small intestine was divided into three approximately 
equal segments, and the contents of each part removed and mixed 
with about 5 cc. of distilled water. 

The first pH determinations were made in a special apparatus 
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enclosing the membrane glass electrode to prevent exposure of 
the material to air. After many determinations, however, it was 
found that exposure for the short time necessary for a determina- 
tion caused no loss of CO, capable of altering the pH perceptibly. 
Thereafter the bulb type of electrode with long stem was used, 
without oil. It was found necessary completely to cover the 
bulb, mere dipping or partial immersion giving widely varying 
potentials. 

It seems to have been the usual custom to convert the loga- 
rithmic values of pH to the natural Cg values for averaging and 
statistical handling. However, when histograms of the inci- 
dence of our data were plotted for the various groups and for 
combined groups, it became evident that if the data were used in 
the pH form, the incidence approximated the normal bell-shaped 
curve; while in the Cy form the curves became skewed to an extent 
which would invalidate the usual statistical treatment. We have, 
therefore, in using statistical formulse to describe the data, used 
the pH values in the calculations. Thus the average is a truer 
indication of the mode, and the standard deviation a truer de- 
scription of the scatter. The original data were recorded to 0.01 
pH unit. 

The detailed data for all the rats are too voluminous for publica- 
tion. In Table I we have recorded the maximum and minimum 
values for each series in each group, and the averages with stand- 
ard deviations. 

In a few experiments the stomach contents were tested in two 
fractions—one from the cardiac half and one from the pyloric 
half, the division being made by tying a ligature around the 
middle. Very considerable differences were frequently found 
between the two portions. In Table I the figures are given for 
the mixed contents. Since the time of analysis had no definite 
relation to a fixed feeding time, the detailed interpretation of the 
findings in the stomach must wait for data collected with that end 
in view. 

The normal series, both young and adult, show a generally acid 
reaction in the tract, with the pH rising from the stomach to the 
ileocecal valve, falling in the cecum, and again rising in the colon. 
The data for the 64 individual rats in the normal adult series 
show that in every case the upper third of the small intestine is 


| 
| | 
| 
| 


I. M. Eastman and E. G. Miller, Jr. 259 


less acid than the stomach (average difference, +2.3 pH); in 
all but two the middle third of the small intestine is more alkaline 
than the upper (average difference, +0.4 pH); in 63 of the rats 
the lower third is more alkaline than the middle (average differ- 
ence, +0.5 pH); in 63, the cecum is less alkaline than the lower 
third of the small intestine (average difference, —0.7 pH); and 
in 61 the colon is more alkaline than the cecum (average difference, 
+0.5 pH). 

In the normal young series all of the individual values for the 
upper small intestine are higher than for the stomach (average 
difference, +2.5 pH), in every case the middle third is higher 
than the upper (average difference, +0.3 pH), and the lower 
third higher than the middle (average difference, +0.5 pH); 
in seven of the twenty-five ceca the pH is higher than in the lower 
small intestine (the average difference of all twenty-five, however, 
being —0.2 pH); the colon is more alkaline than the cecum in 
seventeen, more acid in six, and undetermined in two (the average 
difference being —0.02 pH). 

A comparison of the series averages, with their deviations, for 
the adult and young normal series indicates a real age difference 
in pH, the young rats showing consistently higher values than the 
adults; this is also confirmed by the combined averages of the 
various adult series and those of the young. In this we fail to 
confirm the conclusions of Sun and his collaborators (17), who 
found no indication of a true age difference. 

The average for the adult animals on the normal diet plus 10 
per cent lard showed the characteristic type of curve—a rising pH 
to the ileocecal valve, a fall (average, —0.5 pH) in the cecum, and 
a rise (average, +0.2 pH) again in the colon. The trend in 
forty-two of the 50 rats followed this curve throughout. On the 
average, 10 per cent of added lard did not produce any change 
from the normal. Rats on the normal diet plus 30 per cent lard 
showed the characteristic curve, but the whole tract was 0.5 to 
0.7 pH unit more acid than the normal. Difficulty in feeding and 
signs of malnutrition caused us to discontinue this series. There 
was considerable irregularity in the nine animals fed suet. The 
average showed a rise up to the cecum, where there was a drop 
and (except in a few) a still further drop in the colon. Several pH 
values in the region of the ileum, cecum, and colon were above 7. 
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In some there was a drop in the middle of the small intestine, with 
a rise in the lower levels. In this series, too, the malnutrition and 
diarrhea were considerable, and were probably responsible for the 
variability of the results. 

The 50 rats on a bread diet showed rising pH to the ileocecal 
valve, except for two rats in which the lower third of the small 
intestine was slightly more acid than the middle third; in all of 
the rats the cecum was more acid than the lower ileum (aver- 
age difference, —0.6 pH). In contrast with the other series, 
however, the colon showed an average fall in pH as compared with 
the cecum (—0.3 pH). In only ten of the rats did the colon pH 
show the normal rise over the cecum. This may perhaps be an 
example of the effect of bacterial action as influenced by diet. 
This colonic effect was the only significant difference from the 
normal control series. 

Adult animals fed boiled potatoes or lean meat showed also an 
acid reaction throughout the tract. While the average for both 
diets showed the normal curve of a rise in pH up to the cecum, 
where there was a sharp drop and then a rise again in the colon, 
there were some in both series in which the colon was more acid 
than the cecum. The two series are short so that an expression 
of percentages might not have much value. 

In the series of 50 adult rats fed the McCollum rachitogenic 
Diet 3143 all showed higher pH values in the upper small intestine 
than in the stomach (average difference, +2.6 pH); in only two 
cases was the middle more acid than the upper small intestine 
(average difference for series, +0.3 pH); in all but one the lower 
small intestine was again more alkaline (average difference, +0.5 
pH). In all rats the cecum was more acid than the lower ileum 
(average difference, +-0.4 pH); and in all but four the colon showed 
a rise in pH (average difference, +0.2 pH) over the cecum. 
Thus, these rats showed the normal type of progression down the 
tract. The average values for each level, however, were consist- 
ently higher than in the control series. The differences of the 
averages for the two series were: stomach, 0.3 pH; upper small 
intestine, 0.5; middle, 0.5; lower, 0.5; cecum, 0.7; and colon, 0.4. 
In view of the deviations calculated, and the consistency ci the 
results at all levels, it appears that this indicates a signiftcant 
alkalinization of the intestine by the dietary régime. 
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In the series of thirty-five young rats on the McCollum diet the 
same conclusions appear. The progression down the tract is of 
the same type as in the corresponding control series, while the 
differences in pH values for the various levels all show an alkaliniz- 
ing effect. These differences are: stomach, 0.1 pH; upper small 
intestine, 0.1 pH; middle, 0.3 pH; lower, 0.4 pH; cecum, 0.3 pH; 
and colon, 0.4 pH. With the exception of the stomach and duo- 
denal regions, these appear to be significant differences. 

The addition of cod liver oil to the McCollum diet showed a 
tendency to return the pH values toward the normal. This 
effect is quantitatively rather small, but its consistency and the 
results of previous work suggest that it is real. 

In the series on the Steenbock and Zucker diets, with or with- 
out cod liver oil, no significant effects were found. These nega- 
tive results should not be taken, we believe, as final evidence on 
the question of the relation of intestinal pH to rickets. As we 
were studying the relation of variation of diet to pH, and the ani- 
mals were in most cases killed before clinical rickets developed, we 
can only {conclude that, under these conditions, the diets gave 
intestinal pH figures similar to the normal controls. Moreover, 
especially in the case of the Zucker Diet 401, the rats showed 
evidence of severe malnutrition and failure of growth, both of 
which factors must be taken into account. 

In following the data for individual rats, one notes that fre- 
quently in a rat with a pH at, for example, the acid extreme of its 
series in one segment of the canal, the pH would in the next be 
near the median or on the alkaline side of the incidence graph. 
This suggests that the pH of the contents as they move down the 
tract is not the main factor in determining the pH in a lower 
segment, but rather the lécal conditions such as absorptions, 
secretions, bacterial action, etc. However, the titratable acidi- 
ties have not been studied. 


SUMMARY 


pH values have been determined with a glass electrode of the 
contents of the gastrointestinal tracts at six levels, in the rat, on 
various dietary régimes. 

Normally, the pH of the contents increases from the stomach 
to the ileocecal valve; there is a decrease in the cecum, and again 
a rise in the colon. 
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On a bread diet, there is a tendency for the contents of the colon 
to be more acid than in the cecum. 

Wide variations in diet showed no significant effect on the 
acidity in the tract, with the exception that the McCollum rachito- 
genic diet gave a consistent rise in the intestinal pH throughout. 
When the diet caused intestinal disturbances and diarrhea, the 
data showed greater variability. 

The local conditions of absorption, secretion, and bacterial 
action appear to determine the pH at a given level of the intestine; 
the pH at higher levels has little or no influence on it. 

Young rats show a tendency to a higher alimentary pH than 
adult rats. 
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THE DETERMINATION OF THIOL AND DISULFIDE COM- 
POUNDS, WITH SPECIAL REFERENCE TO CYSTEINE 
AND CYSTINE 


II. A CRITICAL STUDY OF THE REACTION BETWEEN PHOSPHO- 
18-TUNGSTIC ACID REAGENT AND OTHER SUBSTANCES THAN 
THIOL COMPOUNDS 


By KAMENOSUKE SHINOHARA* 
(From the Lankenau Hospital Research Institute, Philadelphia) 


(Received for publication, February 27, 1935) 


The phospho-18-tungstic acid method for the determination of 
thiol compounds is based fundamentally upon the fact that the 
thiol compounds reduce the tungstic acid reagent to a colored 
compound (1). However, there are numerous other substances 
which have a reducing property, in a strict sense, all producing 
more or less color with the reagent. Therefore, the conditions of 
the analytical procedure have been regulated by lowering the pH 
of the reaction medium (pH 5.0) and by limiting the time interval 
between the preparation of the colored solution and the colori- 
metric determination so that most of the weak reducers may give 
no appreciable color (1). Nevertheless, some strong reducing 
substances still give color under these conditions. The present 
study is limited to a few of the typical reducers, and those that 
occur frequently in nature with thiol compounds. The behavior 
of the others may be. predicted in many cases by theoretical 
analogy. Owing to its-combination with the thiol group, for- 
maldehyde was found to differentiate thiol compounds successfully 
from the other reducers. 

The experimental part deals with these aspects, in addition to 
the study of the reduction of cystine by metals. As a result of 
these studies, a new method for the determination of cysteine and 
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cystine applicable to biological materials has been established. 
The experimental conditions, techniques, and color standards are 
the same as in the previous paper (1). 


EXPERIMENTAL 


Inert Substances—Cystine under ordinary conditions is abso- 
lutely inert, although it imparts a faint color after standing in 0.2 
M HCI solution for more than a month. n-Butyl] disulfide gives 
no color within 45 minutes, after which a faint blue color is pro- 
duced. ‘The color production by disulfides is, no doubt, due to 
their hydrolysis (2). Thiocyanate, thiosulfate, isoamyl] sulfide, 
and diphenyl] sulfide are inert. Thiourea can safely be allowed to 
stand for 20 minutes. Uric acid, under the conditions of this 
method, remains entirely inactive, although it gives increasing 
color with increasing pH of the medium. Amino acids, such as 
alanine, arginine, creatine, glycocoll, glutamic acid, histidine, 
leucine, hydroxyproline, phenylalanine, proline, serine, trypto- 
phane, tyrosine, and valine, give no color. Phenol and cresol are 
also inert. Glucose in a concentration of 0.2 M produces no color 
for 30 minutes, after which a very faint greenish color is produced. 

None of the above substances interferes with cysteine de- 
termination. 

Influence of Organic Solvents—In concentrations as high as 
0.27 m, acetone shows no noticeable effect upon the color develop- 
ment of cysteine and the reagent. However, at 0.54 m 97.5 per 
cent intensity develops in 10 minutes and 100 per cent after about 
30 minutes; at 1.35 m only 79.2 per cent develops even after 30 
minutes, and at 2.7 M no more than 30 per cent after 40 minutes. 
Beyond these time intervals the color gradually fades. 

In concentrations as high as 3.25 m, alcohol has no effect upon 
the color development of cysteine and the reagent. However, 
beyond 6.5 m it causes turbidity in the mixture. The higher its 
concentration, the greater is the turbidity and the less the color 
production. 

At the interface of ether and the reaction mixture (without 
cysteine) color is gradually produced which diffuses into the 
aqueous layer and increases with time. However, this does not 
influence the cysteine determination within 30 minutes. Water 
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which has been shaken with ether and filtered through a wet 
filter gives no color when added to the reaction mixture.! 

Chloroform produces no color with the reagent nor does it in- 
terfere with the cysteine determination. Unlike ether, it remains 
inert even in the presence of sulfite.? 

Substances That Strongly Retard Color Development—In the 
reaction mixture (pH 5.0) HgCl. combines with cysteine (or 
thioglycolic acid) according to the following stoichiometrical 
equation,* without the formation of a precipitate, unless it exists 
in a great excess. The combination is so rapid that 1 minute is 
sufficient for its completion. 


2R—SH + HgCl: = R—S—Hg—S—R + 2HCl 


Taking advantage of its color-inhibiting action upon cysteine, 
Lugg (3) used HgCl, solution to determine extraneous reducers. 
However, most of them‘ form precipitate with it either by com- 
bination or by reduction; thus the color intensity produced by them 
in the presence of HgCl, is not at all the same as that given in its 
absence. Besides, various other substances also form a precipitate 
with HgCl. and if the precipitate is filtered in order to be sub- 
jected to colorimetry, the color is partly lost by adsorption. 


1 In the presence of sulfite the water which has been shaken with ether 
' gives a color which is far more intense than that given by distilled water 
and the corresponding amount of sulfite. Therefore, when cystine is 
determined by the sulfite reduction, ether should not be used for extracting 
extraneous reducers. 

2 As will be pointed out later, when water-insoluble mercaptans, disul- 
fides, etc., are present with cysteine and cystine, they should be extracted 
with some solvent non-miscible with water. In spite of Lugg’s recom- 
mendation (3) of ether, the above experimental results indicate that chloro- 
form is preferable to ether for that purpose. In addition, the solubility 
of ether in water (8.11 cc. per 100 cc. at 22°) is far greater than that of 
chloroform (9.42 cc. per 100 cc. at 22°), and with ether the resulting solution 
is increased in volume by more than 7 per cent of the original, while with 
chloroform it is increased by only 0.4 percent. An increase of 7 per cent in 
volume of the test solution would bring about the same magnitude of error 
in cysteine determination, which cannot be overlooked. 

The details of this reaction will be discussed in a forthcoming paper. 

‘ Creatinine, pyruvic acid, quinol, resorcinol, pyrogallol, uric acid, etc., 
SnCl,, and CuCl rapidly reduce HgClz, although FeCl, does not do so and 
can be determined in presence of HgCls. 
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Lugg recommended the addition of ZnCl, to prevent the pre- 
cipitation and NH,Cl to compensate for its inhibiting effect upon 
the color production. However, besides the doubt concerning its 
ability to make HgCl, inactive toward the reducers, consideration 
of the effect of ZnCl, upon the complex acid reagent and the 
chloride effect upon the color development (1) would contra- 
indicate such a complicated procedure. 

In addition, it was found that HgCl., present in excess, produces 
a precipitate with cysteine and cystine. Especially in the latter 
case blue color is produced by some product of cystine and HgCl. 
reaction. For these reasons the use of HgCl, for the determina- 
tion of extraneous reducers should be abandoned.® 

Formaldehyde ‘does not produce color with the reagent but 
reacts with cysteine in the reaction mixture. The color intensities 
developed in the mixtures containing a definite amount of cysteine 
and varying amounts of formaldehyde form a curve of the expo- 
nential type expressed by ke~*, although it is somewhat irregular 
owing to the fact that the color developed depends upon the 
length of time cysteine and formaldehyde are in contact. How- 
ever, formaldehyde of 0.1 m concentration inhibits completely the 
color production by cysteine of less than 2 X 10-3 mu. On the 
contrary, formaldehyde has no appreciable effect upon the color 
development by those reducers except creatinine, as will be men- 
tioned later. For this reason, formaldehyde may be substituted 
for HgCl, with greater advantage for the determination of the 
extraneous reducers. 

Extraneous Reducers. Organic Reducers—Pyruvic acid, creati- 
nine, furfural, quinol, resorcinol, catechol, and pyrogallol were 
studied. Although hydrazines and metol were reported by Lugg 


5 In the determination of cystine by the sulfite method, however, HgCls 
can be used for the determination of extraneous reducers without such 
trouble. 

6 With thioglycolic acid the situation is somewhat different from cysteine 
in detail. A reaction mixture containing 4 X 10‘ m of the acid and 0.1 M 
HCHO develops 12 per cent intensity in 10 minutes, which increases to 
14.4 per cent in 30 minutes, after which there is no observable increase for 
at least 2 hours. The same solution containing 0.2 m HCHO produces 
3 per cent intensity in 10 minutes and 5.8 per cent in 30 minutes. However, 
the same solution containing 0.5 m HCHO produces practically no color for 
about 15 minutes. 
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Fic. 1. Color development with time due to reduction of phospho-18- 
tungstic acid reagent by various organic reducing substances. Compo- 
sition: sodium acetate 0.4 M, acetic acid 0.12 m, reducing substances in 
varying amounts, phospho-18-tungstic acid reagent 4 cc. per 50 cc. of solu- 
tion. The ordinate scale represents color intensity (J), for which the color 
of 4X 10-‘m cysteine solution is takenasaunit. Concentrations (x 10~‘) of 
the following substances are shown by thecurves. Curve 1, 2000 m pyruvic 
acid; Curves 2-a, 2-b, 2-c, 2-d 20, 100, 200, 300 m creatinine respectively ; Curve 
2-e 20 m, Curve 2-f 100 m creatinine plus HCHO or plus HCHO plus cysteine; 
Curves 3-a and 3-b 40 and 200 m furfural respectively; Curves 4-a and 4-b 
20 and 100 m catechol respectively; Curve 5 200 m resorcinol; Curves 6-a, 
6-b, 6-c, 6-d, 6-e 2, 10, 20, 40, 100 m quinol respectively; Curves 7-a, 7-b, 
7-c, 7-d, 7-e 0.2, 1.0, 2, 4, 10 m pyrogallol respectively. 
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to be strong reducers, they were not studied, as they do not occur 
in nature. A part of the study of the color production with these 
substances is seen in Fig. 1. Detailed information may be ob- 
tained by personal communication. 

Pyruvic acid’ in concentrations below 4 X 10-* m produces 
practically no color for 15 minutes. Creatinine below 0.01 m 
produces less than 0.008 unit of color in 10 minutes, and beyond 
0.03 m almost instantaneous precipitation of white granules takes 
place. Furfural at concentrations below 0.02 m produces less 
than 0.01 unit of intensity. Quinol has the strongest reducing 
action among its isomers and the rate of color production is very 
rapid.* MResorcinol is the weakest reductant among its isomers 
for the reagent, producing practically no color for at least 2 hours 
when its concentration is below 0.01 m. However, at 0.02 m it 
produces 0.01 unit of intensity in 10 minutes, 0.017 unit in 25 
minutes, and so on. Catechol lies intermediate of its isomers in 
its reducing power. Pyrogallol produces a far more intense color 
than its equivalent amount of quinol but far less than that of 
cysteine (or thioglycolic acid), and the way the color develops is 
quite different from that in either of them, as is seen in Fig. 1. 

When pyruvic acid, furfural, quinol, catechol, and pyrogallol 
are used, they impart a yellow or brownish yellow color which 
interferes with the color comparison and makes accurate determi- 
nation impossible. However, this difficulty may be overcome by 
adding a suitable amount of brom-thymol blue solution to the 
cysteine color standard.° 


7 Kahlbaum’s preparation used was a brownish yellow viscous liquid 
and gave slight color. Lugg (3) reported that a pure fresh preparation 
does not produce color with the reagent but an old polymerized one may do 
so. It was thought that the color production with such a preparation was 
worth studying, as the acid is not likely to be found in nature in a pure 
state. 

8 The time interval required for the attainment of the maximum intensity 
increases with decrease in its concentration, as shown in Fig. 1. The color 
produced is fairly stable, although a color solution containing a larger 
amount of quinol fades more rapidly. Contrary to the thiol compounds, 
the maximum color intensities produced are not at all in a linear relation 
with quinol concentrations, but form an exponential curve suggesting the 
interaction of two equilibium systems. 

® In the determination of a thiol compound in urine this device can also 
be employed with success, as will be reported in a later paper. 
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Inorganic Reducers—Most of the inorganic reducers are in 
oxidation-reduction equilibrium with their oxidized products. 
For this reason, the behavior of the corresponding oxidants 
toward the reagent was studied together with the reductants. 


1.0 4x10*m FeSO. 
I 
| 2x10°°m CuCl, + 4x10 *M Cysteine 
0,8 


Vv 
/ xe ali 
CES 2x10 *MFeSO4 


/ cle 2x10°5) 
/ 
4 
SnCle 
Lol. 4x10 5M FeSO4 
| 
MIN, 50 100 150 200 250 a) 
Fig. 2. Color development with time due to reduction of phospho-18- _ $ F 
tungstic acid reagent by various inorganic reducing substances. Composi- a 
tion: sodium acetate 0.4 M, acetic acid 0.12 m, reducing substances in cil 
varying amounts, phospho-18-tungstic acid reagent 4 cc. per 50 cc. of all 
solution. The ordinate scale represents color intensity (J), for which the a 

color of 4 K 10-4 m cysteine solution is taken as a unit. 4 
Ferrous sulfate behaves toward the reagent as does cysteine; +H 

that is, the maximum intensity is reached within 2 minutes and the 4 


color stays constant at least 6 hours (Fig. 2). Nevertheless, the 
colored solution containing a greater amount of the ferrous salt 
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seems to fade more rapidly than that containing less. The color 
intensity is in a linear relation with the concentration of the 
ferrous salt, equivalent amounts of which produce the same color 
intensity with cysteine. When the concentration of the ferrous 
salt in the reaction mixture is greater than 4 X 10-‘M, a precipi- 
tate (ferric phosphate) is produced after the addition of the 
reagent, which hinders colorimetry; however, it can be separated 
by centrifugation.!° 

Ferric sulfate shows no effect upon the blue color developed by 
cysteine or ferrous salt. However, it produces a brown color in 
the reaction medium owing to the formation of basic acetate, which 
forms a white precipitate (ferric phosphate) on the addition of the 
reagent. This precipitate interferes with the colorimetry unless it 
is centrifuged. 

Cuprous chloride produces color with the reagent very rapidly, 
which fades rapidly also (Fig. 2). It is also extremely unstable 
in aqueous solution and accurate determination is impossible under 
ordinary conditions. 

Cupric chloride produces no color with the reagent. However, 
it oxidizes the blue compound formed with the reagent by cysteine, 
as shown in Fig. 2. 

Stannous chloride reduces the reagent so slowly that even after 
10 hours the color intensity of the reaction mixture containing the 
salt still increases. When SnCl, is present with cystine, the latter 
is reduced and gives greater color than does the former alone. 
The same can be said for cysteine, SnCl., and the reagent mixture 
(Fig. 2). 

Stannic chloride in small concentrations has no influence upon 
the color production of cysteine, but produces precipitate in the 
reaction mixture, which hinders the colorimetry unless centrifuged. 

Sodium sulfite will be discussed in a later paper. Its rédle in 
disulfide determination is well known. 

Cystine Determination by Application of Formaldehyde in Pres- 
ence of Extraneous Reducers—Although formaldehyde inhibits 
color production of cysteine with the reagent, as stated previously, 
it does not alter at least for 10 minutes the rate of color production 


10 The use of filter paper should be avoided because the blue compound 
is adsorbed by it and the filtrate has less color than the centrifuged solution. 


XUM 


K. Shinohara 271 


by. pyruvic acid, furfural, quinol, resorcinol, catechol, ferrous 
salts, and stannous salts. The color intensity developed by a 
reaction mixture containing cysteine and one of these reducers is 
practically the sum of the intensities developed separately by the 
two substances. The intensity developed by a reaction mixture 
containing a reducer, cysteine, and HCHO, or one containing the 
reducer and HCHO is practically the same as that given by one 
containing only the reducer. Owing to these relations, cysteine 
mixed with any of these extraneous reducers can satisfactorily be 
determined with formaldehyde, as described under ‘‘Discussion.”’ 
Accuracy of the method is shown in Table I. 

However, creatinine greatly increases the rate of color produc- 
tion and probably maximum intensity in the presence of HCHO. 
The presence of cysteine in addition to the two substances does not 
alter the rate. However, when its concentration is small, this 
effect of creatinine may be neglected. Reaction mixtures, the 
first containing pyrogallol only, the second the same amount of 
pyrogallol and 0.25 m HCHO, and the third pyrogallol and HCHO 
as before plus cysteine, produce about the same color intensity for 
20 minutes, beyond which the third solution produces more. Poor 
results are obtained in the determination of cysteine in its presence. 
Fortunately, however, pyrogallol is not likely to be found with 
thiol compounds in nature. 

In the presence of a cuprous salt cysteine cannot be determined. 
Nevertheless, such a case would not occur. Cupric salt below 
1 X 10-* o in the reaction mixture would not seriously interfere 
with the cysteine determination, as shown in Fig. 1. 

Cystine Determination—The method consists, first, of reduction 
of disulfide with tin dust in a sulfuric acid solution; secondly, of 
precipitation of dissolved tin from the solution with hydrogen 
sulfide; thirdly, of driving off the hydrogen sulfide by an inert gas; 
and fourthly, of colorimetry by the method applied to thiol 
determination. 

In spite of the frequent use of zinc powder by various workers, 
it was found to be a very poor reducer for cystine, as are tin 
granules. One example of each will be presented here. 

250 cc. of 0.01 m I-cystine in 5 m HCl (afi, ='—1.13°) were 
shaken with 3 gm. of zine granules in a shaking machine at room 
temperature. The change in optical rotation of the solution is as 
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follows: at 4 hour —0.83°, at 2 hours —0.75°, at 7 hours —0.32°, 
and at 23 hours —0.16°, while the final rotation at complete re- 


duction should be about +-0.05°. 


TABLE [ 


Determination of Cysteine in Mixtures of Various Reducers 
Test solution Blank solution 


Sodium acetate....... 0.4™M 0.4m 
Acetic acid............ 0.12 0.12 mM 
ee Varying amounts Same amount as test 
solution 
Formaldehyde......... 0 1 ec. 38% HCHO per 
50 ec. | 
Extraneous reducer.... Varying amounts Same amount as test 
solution 
Phospho-18-tungstic 
acid reagent........ 4 cc. per 50 ce. 4 cc. per 50 ce. 
Concen- Concen- 
| c | | oa | ee 
reducer reducer 
Pyruvic acid Catechol 
mole per l. mole per l 
0.023 0.396 0.400 | —0.004 | 0.001 0.420 0.40 | +0.02 
0.023 0.972 1.00 | —0.028 | 0.001 0.852 1.00 | —0.148 
0.023 3.924 4.00 | —0.076 | 0.001 1.620 2.00 | —0.38 
mecca 0.001 3.988 | 4.00 | —0.012 
| 0.004 0.940 1.00 | —0.06 
0.01 0.40 0.40 0 0.004 0.293 0.20 | —0.08 
0.01 0.40 0.40 0 
0.01 1.03 1.00 | +0.03 
0.01 1.00 1.00 0 0.02 0.396 | 0.40 | —0.004 
0.01 4.00 4.00 0 0.02 1.004 1.00 | +0.004 
0.01 4.00 4.00 0 0.02 3.980 4.00 | —0.020 
0.02 0.92 1.00 | —0.08 
Quinol 
Furfural 
0.004 3.980 4.0 —0.02 
0.01 0.402 | 0.40 | +0.002 | 0.004 1.32 1.0 +0 .32 
0.01 0.988 1.00 | —0.012 | 0.004 0.28 0 +0 .08 
0.01 3.980 4.00 | —0.020 


C,, cysteine concentration found in the test solution, in moles per liter 
(X 10‘); C., cysteine originally added to the test solution, moles per liter 
The color standard is that produced by a reaction mixture con- 


(X 104). 


taining 4 X 10-4 Mcysteine. 


* HCHO was not used. 
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TaBLE I—Concluded 


ncen- Concen- 

reducer reducer 
Pyrogallol CuCl: 

mole per l, mole per l. 
0.0004 | 2.604 | 4.0 | —1.396 | 0.00004] 3.96 | 4.00 | —0.04 
0.001 0.380 | 0.4 | —0.02 | 0.00006 | 3.652 | 4.00 | —0.348 
0.001 0.440 | 1.0 | —0.56 | 0.00012] 3.224 | 4.00 | —0.776 
0.001 2.00 | 4.0 | —2.00 
0.002 | 0.04 | 0.4 | —0.36 — 
0.002 1.84 | 4.0 | —2.16 | 0.0001 | 4.180 | 4.00 | +0.180 
ieee 0.0002 | 4.244 | 4.00 | +0.244 
0.0004 | 4.272 | 4.00 | +0.272 
| 400 | 4.00 | 0o 0.0010 | 4.292 | 4.00 | +0.292 
0.00020 | 4.036 | 4.00 | +0.036 
SnCk 
FeCl: 
, 0.0008 | 4.02 | 4.00 | +0.02 
0.00004 | 4.00 | 4.00 0 
0.00020 | 3.96 | 4.00 | —0.04 


A similar experiment in which 3 gm. of tin granules and the same 
cystine solution as in the previous experiment were used showed the 
following results: at ? hour —1.01°, at 2.03 hours —0.78°, at 7 
hours —0.41°, and at 23 hours 0.00°, while the final rotation 

should be about +0.05°. 

Zinc powder also reduces cystine very slowly, in spite of the 
rapid production of hydrogen gas. The cobalt complex test for 
cysteine revealed that even after 1 hour’s heating at 60°, roughly 
half the amount is reduced. Tin only in powder form reduces 
cystine rapidly. Solutions of 0.01 m l-cystine in 1 to 5m HCl were 
reduced by the tin powder completely within 30 minutes, the 
change in optical rotation being from —1.12° to +0.05°.4 

The other successive steps need no comment except that the tin 
in the reduced cystine solution should be precipitated after the 
mineral acid has been partly neutralized with sodium or preferably 
lithium hydroxide, if the solution is too strongly acid to precipitate 


11 This method of cystine reduction was used by Dr. Theodore F. Lavine 
of this Institute through the author’s recommendation. He also showed 
that the method would give satisfactory results (4). 
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tin, and that nitrogen or carbon dioxide gas can be used for the 
elimination of hydrogen sulfide, preferably under reduced pressure. 
The final colorimetry can be performed as described in the cysteine 
determination. | 

Actual determinations of cystine with 0.01 mM and 0.001 M cystine 
solution by this reduction method gave respectively 0.0099 m 
(—1 per cent error) and 0.00102 m (+2 per cent error). 


DISCUSSION 


The color production of a thiol compound and phospho-18- 
tungstic acid is seen to be inhibited by acetone and formaldehyde. 
This peculiar action of the two compounds is, no doubt, due to the 
formation of semimercaptole or mercaptole and semimercaptal or 
mercaptal. The production of a number of groups of compounds 
with various thiol and carbonyl compounds has been reported 
(5-9), although most of the experiments were carried out in non- 
aqueous media. 

Inactivity of pyruvic acid’ and glucose toward the thiol com- 
pound is likely a matter of degree. The similar action of mercuric 
chloride is due to the formation of mercaptide, which will be dis- 
cussed in detail in a later paper. The superiority of formaldehyde 
to mercuric salt for the differentiation of thiol compounds from the 
other reducing substances has been discussed. Ferrous salt 
reacts with phospho-18-tungstic acid in 1:1 mole ratio, just as 
cysteine does. It is also of interest to note the peculiar effect of 
copper salts, both reduced and oxidized, in contrast with that of 
iron salt. However, the discussion of this phase is omitted here. 
The study of the reduction of cystine by various kinds of tin and 
zinc indicates that it is not caused by nascent hydrogen but takes 
place at the interface of the metal and solution. 


Procedures for the Determination of Cysteine and Cystine 


Preparation of Color Standard—Into a 50 cc. glass-stoppered 
volumetric flask put 10 cc. of 2 M sodium acetate solution, 3 cc. of 


12 Through the author’s suggestion, Dr. Shiro Akabori of the Imperial 
University of Osaka has started an investigation on the reaction of pyruvic 
acid and cysteine which has significance for the elucidation of some bio- 
chemical phenomena. 
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2 M acetic acid solution, 2 cc. of 0.01 m solution of cysteine in 0.2 m 
H.SO, (not more than 2 days old), and 4 cc. of phospho-18- 
tungstic acid reagent followed by water sufficient to make the 
total volume exactly 50 cc. The colored mixture is shaken for a 
while and is used for colorimetry after 5 minutes. The standard 
can be used for at least 6 hours when kept at room temperature, 
but 2 days when kept in an ice box. If the amount of cysteine to 
be determined is less than 1 X 10-* m in the colored mixture, a 
color standard which contains 0.2 cc. of the cysteine solution 
(one-tenth of the concentration of the first solution) is used with 
the advantage of decreasing the experimental errors. If the test 
solution has a yellow color, enough brom-thymol blue solution 
should be added to the color standard solution before the addition 
of the reagent approximately to match it. 

Cysteine Determination—If hydrogen sulfide is detected in the 
solution to be added to the reaction mixture, it should be driven 
off by bubbling nitrogen or carbon dioxide gas through the solu- 
tion, preferably under reduced pressure. If an odor of mercaptan 
is detected, the solution, after first being acidified, is shaken two or 
three times with an equal volume of chloroform each time. This 
should be done whenever chloroform-soluble organic substances 
are present. The aqueous portion is filtered through a wet filter 
if necessary. 

The clear solution thus obtained is treated for colorimetry as 
follows: First, with an aliquot portion of the:solution determine 
the amount of LiOH necessary to neutralize the acid present with 
brom-cresol purple. Secondly, take two 50 cc. glass-stoppered 
volumetric flasks, to each of which are added the same amounts of 
the sodium acetate and acetic acid solutions as those used in the 
color standard, and a suitable amount of the test solution, accu- 
rately measured, followed by the amount of LiOH solution found 
necessary to neutralize the acid present in the test solution. One 
of the mixtures is treated in exactly the same way as the color 
standard, and a colored test solution is thus prepared. To 
another mixture 1 cc. of 37 to 38 per cent formaldehyde solution 
is added, and the resulting mixture is set aside after being shaken, 
so that the HCHO may react completely with the cysteine before 


the addition of the reagent. After 1 or 2 minutes, 2 cc. of the 
complex acid reagent are added and the resultant mixture is 
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treated as before. This is used as the blank with which the color 
intensity contributed by only extraneous reducers is measured. 

The amount of cysteine in the colored test solution can be cal- 
culated by the following equation. 


C.=C, ~ ) 
C, represents the molar concentration of cysteine in the color 
standard; R&, the colorimetric reading of the color standard set for 
the colored test solution; R, the colorimeter reading of the colored 
test solution matched with R,; R°, the colorimeter reading of the 
color standard set for the blank; R, the colorimeter reading of the 
blank matched with R°,; C, the molar concentration of cysteine 
in the colored test solution which is to be calculated from the value 
of the other five terms. If the amount of cysteine is to be ex- 
pressed in gm. per liter, the numerical value of C’, is multiplied by 
121. 

Cystine Determination—Cystine is determined by subtracting 
the amount of cysteine from the amount of cysteine and cystine 
combined. Therefore, the determination consists of two pairs of 
colorimetric readings. First, determine the amount of cysteine 
present in the test solution in exactly the same way as above for 
cysteine. Secondly, for the determination of the combined 
amount of cysteine and cystine proceed as follows: The test 
solution is made more than 1 Nn in HCl or preferably in H2SO,. 
To a definite amount of the acid solution, add enough tin dust 
(not tin granules or zinc preparations) ; then set the mixture aside 
for 30 minutes, with frequent shaking. Filter the reduced solu- 
tion, transfer a definite amount of the filtrate into a suitable 
volumetric flask, and adjust the acid content either by dilution or 
by neutralization with LiOH solution, so that the acidity of the 
solution is not too high to precipitate the dissolved tin as sulfide. 
The relation between the original volume and the volume after 
neutralization should be kept definite. A convenient way is to 
dilute 25 cc. of the filtrate to 50 cc. after neutralization of a part 
of the acid. Pass hydrogen sulfide through the mildly acid 
solution and filter the precipitate. Drive off the hydrogen sulfide 
present in the solution with nitrogen or carbon dioxide gas. The 
succeeding procedure is the same as that for the cysteine determi- 
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nation. From the amount of cysteine found by this procedure, 
that found by the previous determination is subtracted, thus 
obtaining the amount of cysteine derived from cystine by reduc- 
tion, from which the amount of cystine present in the original 
solution is readily calculated. 

Thioglycolic acid and dithiodiglycolic acid can also be deter- 
mined by the same method. 


The author would like to express his gratitude to Mr. Robert 
MeNeil of the McNeil Laboratories for the support of this re- 
search. The author would also like to extend his thanks to Miss 
Ethel P. Echternach who carried out the experiments on the 
reduction of cystine. 
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GALACTURONIC ACID AS A PRECURSOR OF 
ASCORBIC ACID 


By RUTH JOHNSTIN ann KATHRYN SUE POTTER 
(From the Chemical Laboratory of Wellesley College, Wellesley) 


(Received for publication, April 17, 1935) 


The parallel occurrence of the polyuronide of galacturonic acid 
and vitamin C in plants and especially in citrus fruits, which are 
known to be excellent sources of both, suggested the possibility 
that galacturonic acid might be the precursor of this vitamin and, 
therefore, might itself possess some antiscorbutic properties. This 
idea seemed plausible at the time this work was started because 
vitamin C was then thought to belong to the uronic group of 
sugar acids. 

EXPERIMENTAL 


For the purpose of studying the physiological reaction of d-galac- 
turonic acid when ingested in pure form, young guinea pigs of 
very nearly uniform age and weight were used. The basal 
scorbutic diet was that of Sherman, La Mer, and Campbell (1), 
with the Eddy modification (2). Asa source of vitamin C for the 
positive controls, irradiated tomato juice was given daily. 

The d-galacturonic acid which was fed to the experimental 
animals was prepared according to the method of Link and Nedden 
(3). Combustion analysis of this compound showed: carbon, 
33.82; hydrogen, 5.77; and oxygen, 60.41 per cent, corresponding 
to the formula C.sHi20s or CsH,007-H2O, which is the mono- 
hydrate of d-galacturonic acid. It had the following physical 
and chemical properties: m.p. 159.0°; [a], = +53.0° (3 hours); 
reduced ammoniacal silver nitrate and Fehling’s solutions; gave 
positive tests with a-naphthol and with Schiff’s reagent; decolor- 
ized dilute permanganate solution; gave negative tests with ferric 
chloride and sodium nitroprusside; with 2 ,6-dichlorophenolindo- 


phenol, a pink end-point was obtained immediately in dilute | 


solution. 
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The customary procedure was followed in these experiments. 
The animals were divided into three groups: Group I, positive 
controls; Group II, negative controls; Group III, experimental, 
with three different methods of administering the d-galacturonic 
acid—Group III-a, orally, by pipette; Group III-b, subcutaneous 
injection; Group III-c, intraperitoneal injection. Three of the 
positive controls were given, in addition to their regular diet, 
5 mg. of d-galacturonic acid daily. This was done in order to see 
whether the acid affected the system in any way. So far as could 
be observed all of the animals in the control group responded in 
the same way and there was no apparent physiological reaction 
from the ingestion of the galacturonic acid. 

In every case the animals in Groups II and III began to lose 
weight on the 10th or 11th day and soon showed marked scurvy 
symptoms. The experiments were run for about 3 weeks and 
before the ravages of scurvy became too pronounced some of the 
animals from each group were killed and examined. At the same 
time tissue specimens were prepared for histological study. 

The results are summarized in Table I. The pathology of the 
intestines is separately described since the results are pertinent to 
the recent work of Zilva (4) on the quantitative ascorbic acid 
content of the intestines of scorbutic guinea pigs. The average 
gains and losses in the different groups are shown graphically in 
Chart I. For the sake of brevity the individual growth curves 
are not given. 


DISCUSSION 


Examination of Table I and Chart I shows that d-galacturonic 
acid gives no protection against scurvy since the animals in Groups 
II and III developed the same pathological symptoms.! There 
was a slight delay in the onset of marked scurvy in the group 
receiving the acid intraperitoneally, but this is probably not 
significant. 

The biological inactivity of d-galacturonic acid can be accounted 
for, now that the formula of /-ascorbic acid has been established. 
The close relationship between these two compounds was assumed 
because they were thought to be hexuronic acids of similar struc- 
ture. Reichstein e¢ al. (5) had this idea when they suggested 


1TIn a recent private communication it was stated that similar negative 
results had been obtained by Dr. C. G. King. 
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that the transition of d-galacturonic acid to l-ascorbic acid could 
be accomplished easily by subtraction of a molecule of water and a 
rearrangement of hydrogen and that such a change might account 


for the biological formation of ascorbic acid. 


If, however, the 


formula of J-ascorbic acid recently established by Hirst et al. (6) is 
compared with the pyranoside formula of d-galacturonic acid 
suggested by Niemann and Link (7), the relationship seems more 
remote and the natural transition more complex than the previous 


statement would indicate. 


d-Galacturonic acid 


l-Ascorbic acid 
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It is obvious that the characteristic dienol group of J-ascorbic 
acid is lacking in d-galacturonic acid. Several investigators have 
suggested that the reducing activity of the former compound is 
dependent upon the presence of the —COH==-COH—CO— group 
(8). The specificity of ascorbic acid, however, is not determined 
entirely by this group because Micheel and Jung (9) prepared a 
compound called hydroxytetronic acid, containing the lactone 
ring of ascorbic acid without the attached glycol, and this sub- 
stance had no antiscorbutic properties. Furthermore, Reich- 
stein et al. (10-12) have shown that the three substances (l- 
ascorbic acid, d-araboascorbic acid, and /-rhamnoascorbic acid), 
which show physiological activity, all have the d configuration 
around carbon atom (4). This idea was merely suggested last 
year (10) but has been verified on all three acids. It is this 
grouping which appears to be specific for the antiscorbutic property. 

Another point that should be mentioned is the difference in 
activity of the d and I forms of ascorbic acid. Demole (13) states 
that only the J form of this acid has antiscorbutic properties and 
the d form, although it must contain the enolic double bond group, 
is inactive. This fact further supports Reichstein et al. (12). It 
would be of interest to know whether a difference exists between 
the two forms of galacturonic acid which might make possible a 
transition from /-galacturonic acid to l-ascorbic acid. Apparently, 
in nature, the stable compounds are d-galacturonic and I-ascorbic 
acids. Might it not be true, therefore, that in the living organism 
l-ascorbic acid has been produced at the expense of [-galacturonic 
acid? 

In this connection, the theory proposed by Sah (14) late in 1933, 
of the natural formation of l-ascorbic acid from inosite, is of much 
interest. He showed a series of reactions whereby this change 
could be accomplished through I-galactose, which is the first 
compound formed when the inosite chain is opened, and then to 
d-galacturonic acid. Sah suggested that in citrus fruits this 
change probably takes place inside the peel where d-galacturonic 
acid, which is closely related to l-galactose, is found in great abun- 
dance in the form of pectin. A synthetic method proposed by Sah 
was to start with d-galacturonic acid, reduce it with sodium 
amalgam according to the method of Ault et al. (15) to l-galactonic 
acid, thence to l-galactose. Hydrolysis of the osazone of l-galactose 
and subsequent oxidation of the resulting compound should give 
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l-ascorbic acid eventually. The actual synthesis of J-ascorbic 
acid from d-galacturonic acid through the osazone of l-lyxose 
in vitro has been reported by Reichstein et al. (16). This is merely 
a variation of the I-xylose method which they report (16). 

Our results furnish evidence, however, that the guinea pig is 
not able to convert d-galacturonic acid to l-ascorbic acid. Weight 
curves, autopsy findings, and microexamination of the tissues do 
not reveal any difference in the condition of animals kept for 3 
weeks on a vitamin C-free diet and those on a similar diet with 
additional daily doses of d-galacturonic acid. 


Grateful acknowledgment is made to the Zoology Department of 
Wellesley College for the use of its facilities and especially to Miss 
A. R. Hall and Miss R. A. Murphy for their helpful suggestions. 
Valuable assistance was also received from Miss D. H. Clarke and 
Miss A. J. Albrecht in the study of the galacturonic acid and from 
Mr. R. W. Vilter in the histological work. 
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PROPERTIES OF THE BLOOD OF THE DOMESTIC FOWL 


By VINCENT E. MORGAN anp DONALD F. CHICHESTER 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, April 10, 1935) 


The development by Henderson and his associates of a physico- 
chemical method of describing blood and its subsequent application 
to the human species has opened up a new field in comparative 
physiology. This paper is based on an investigation of a portion 
of that field which has hitherto been rather neglected. Previous 
investigators (1-6) have confined themselves to particular aspects 
of a large number of species within the class (Aves), while we shall 
attempt a general description of one variety within a species, namely 
the Rhode Island Red fowl. Necessarily, it is understood that 
this isolated species, especially because it is domesticated, may 
not be wholly representative of the class. 

Before going further it is to be noted that each of the ccapisiiiahi 
(with a very few exceptions) upon which this paper is based has 
been carried out upon a composite mixture of blood and not on that 
of individual birds. This has the effect of producing a more gen- 
eral description of the species and, at the same time, introducing 
certain inconsistencies in the nomogram which will be pointed out 
when that is discussed. ' In addition to this it should be noted that 
all equilibrations have been maintained at a temperature of 40°, 
which is the approximate body temperature of birds. 

Composition of Cells and Serum—A comparison of the composi- 
tion of cells and serum in the chicken, dog (7), and man (7) is 
made in Table I. The ion concentrations given have been deter- 
mined according to the methods used by Dill, Talbott, and 
Edwards (8). 

A marked difference is seen in the low value found for serum 
protein. On the other hand, cell hemoglobin is only slightly lower 
in chicken than in dog orman. Fritsch (1) gives a mean value for 
the hemoglobin content of hen cells even lower than that found in 
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our specimens. This is also confirmed by Dukes and Schwarte 
(5). Our value seems to lie in the upper limits of the range found 
by these investigators. Fritsch also states (1) that although the 
erythrocyte count is smaller in chickens the hemoglobin content 
is actually higher (per cell) than in some mammals (horse, cow, 
and dog). 

The values for proteinate in both cells and serum are noticeably 
lower than in either man or dog (7), as would naturally be expected 


TaBLeE 
Comparison of Ion Distribution in Oxygenated Blood at pH,.7.45 
Concentrations are in units per liter of serum and of cells, respectively. 


Serum Cells 

Dog Man | Chicken Dog Man _ /| Chicken 
942 | 939 | 963 | 736 | 726 | 692 
146.5 | 139.3 | 158.0 | 110.5 | 14.9 | 25.6 
K 3.7 3.3 5.7 6.0 | 93.7] 92.8 
Ca 5.2 4.7 6.1 
~ cations, m.-eg............ 157.4 | 149.3 | 171.8 | 116.5 | 108.6 | 118.4 
Cl 118.3 | 106.8 | 117.8 | 59.7 51.3) 53.4 
18.6 | 24.0; 21.1] 11.0] 12.7{ 12.2 
Proteinate ‘* ............ 16.4| 17.0; 12.1] 51.8] 52.6] 46.4 
HPO," + H2PO,-, m.-eq...| 2.3 2.2 4.2 1.2 1.1 2.4 
Lactate, m.-eg.............. 3.0 1.2 7.8 1.6 0.8 3.1 
Zanions “*............| 158.6 | 151.2 | 161.0 | 125.3 | 118.5 | 117.5 
66.7 | 68.8 | 43.3 
Total Hb, mm............. 20.1} 20.4}; 18.4 


* The value for magnesium in the serum is assumed. 


from the differences in protein content. The value for serum pro- 
teinate has been calculated according to the equation developed by 
Van Slyke, Hastings, Hiller, and Sendroy (9) for base bound by 
serum protein with the substitution of our own experimental value 
for the slope (a) of the buffer curve. However, that equation is 
based on human serum where the albumin to globulin ratio is 
evidently different so that the value of the constant (5.08) may not 
be correct for chickens. The value for cell proteinate involves 
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the assumption of a value for pK’. given by Stadie and Hawes 
(10), although this was determined in erythrocytes lacking a nu- 
cleus. The cell proteinate value was then calculated from the 
equation of Van Slyke, Wu, and McLean (11). In calculating dis- 
solved CO: account has been taken of the equilibration tempera- 
ture, 40°, and of the water contents of cells and serum. A study 
of the pK’ of separated chicken serum was also carried out. De- 
terminations of pH,! total COz in the liquid, and of pCO: in the gas 
phase following equilibration were performed in the usual way over 
a range of temperature from 20—43° and at various CO: pressures 
from about 6 to 100 mm. of mercury. The data so obtained to- 
gether with our mean values from a number of determinations for 
serum water gave, by use of the Henderson-Hasselbalch equation, 
values of pK’;. 

In order to compare our technique with that of previous investi- 
gators a few determinations were also carried out on human serum 
and on a bicarbonate solution, with the same methods as with 
chicken serum. 

The average value so obtained for chicken serum at 40° was 6.08 
with a temperature coefficient of —0.005 unit of pK’ per degree 
over a range from 20-40°. These results are in close agreement 
with those of Robinson, Price, and Cullen (12) and of Hastings, 
Sendroy, and Van Slyke (13). 

The values for cell sodium and potassium approach those of man 
more closely than those of the dog; however, the value for sodium 
is larger in the chicken than in man (7). The phosphate deter- 
minations given are higher than those found in less complete analy- 
ses and the evidence seems to show that there is little significant 
difference between those in the chicken and either those of the dog 
or man. 

Lactate, at any time a variable quantity, is more questionable 
here because of the lapse of time (2 to 3 hours) between collection 
and equilibration of the blood and the nucleate nature of its cells. 
However, the blood was collected directly in a glass container (with 
heparin) immersed in cracked ice in a vacuum Jug and was kept 
in this condition until the analyses were completed. Furthermore, 


‘The pH determinations were made on a glass electrode through the 
kindness of Dr. A. A. Green. 
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determinations of lactate during the course of 1 day’s work on 
blood so chilled showed no significant change. 

Determinations of lactic acid on two samples of venous blood 
and one of arterial blood obtained by cardiac puncture yielded 
values from 2.9 to 3.5 milli-equivalents per liter. When these 
values for whole blood are compared with those given in Table I 
for cells and serum, it is evident that there was some increase in 
lactic acid before analysis. In general, our values agree with those 
found by Dyer and Roe (14). 

Distribution of Anions between Cells and Serum—Van Slyke, Wu, 
and McLean (11) have developed a method of calculating the ratio 
r from the values of the cell and serum protein and base found in 
a given blood. The relationship is as follows: 


_ __(BP).+ (Hb), __(BP), 
2(B). (BP). + (Hb) 2((B) .— (BP),) 


It is readily seen that if, as in the case of chicken blood, the con- 
centrations of the cations, (B),. and (B),, as well as the cell protein, 
(Hb), are comparable to those found in human blood, while serum 
protein concentration is quite different, there should be a signifi- 
cant difference in the value of r found experimentally. A more 
detailed analysis of the ratio r from the standpoint of the Donnan 
equilibrium theory shows further that this. deviation from the value 
of rin human blood may appear in either the chloride or the bicar- 
bonate ratio or in both. ‘ Our data indicate that the difference lies 
mainly in the bicarbonate ratio (at least in oxygenated blood). 
If hemoglobin combines with COsz, such a result would suggest that 
chicken hemoglobin binds less CO: than does that of human blood. 
This conclusion has been arrived at from other considerations. 
Because great difficulty was experienced in obtaining consistent 
results with determinations of the ratio for either chloride or bicar- 
bonate ions, experiments were made on five separate composite blood 
samples. Estimates of the bicarbonate ratio were further aug- 
mented by calculations based on three sets of COz2 dissociation 
curves and mean values assumed for (H2O)- and (H2O),. The 
most probable straight lines? determined by these values as func- 


r=] 


2? The formula used for the calculation of the most probable straight 
line towards which a series of values tends is as follows: y = Ra — Ram + 
ym; where R = — — N = number of obser- 
vations, zm = mean value of z, and ym = mean value of y. 
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tions of the total CO. of whole blood and of the state of oxidation 
were calculated. Then with the relationship established between 
pH, and total CO2 of whole blood, the equations for the ion ratios 
(r) were calculated with the following results. 


rHco,-(oxygenated) = 2.333 — 0.220 pH, 
rHco;- (reduced) = 2.365 — 0.216 
rci- (oxygenated) = 1.697 — 0.144 ‘ 
rci- (reduced) = 2.444 — 0.236 “ 


At a pH, of 7.45 in oxygenated blood, these equations give values 
of 0.694 for rgcoo,- and 0.624 for rc)- as compared with 0.750 and 
0.637, respectively, for man (7). The relationship between the 
distribution ratios for the two species is as follows: 


At pH, 7.45, rci- = 0.800 rHco,- = 0.901 rtheory (man (15)) 
rci- = 0.901 roco,;- = 0.86 rtheory (chicken) 


Buffer Value of Serum—Henderson, Dill, Edwards, and Morgan 
(16) have defined the buffering power of serum by the equation 


d(Cpp.) 
d(pH,) 


aCp, 


where a may be considered a convenient measure of the buffer 
value of serum protein. They have found values of 0.110 for man, 
while Dill, Edwards, et al. (7) have found a mean value of 0.093 for 
the dog. Our mean value for chicken serum protein from six 
determinations is 0.118. In the chicken, as in the dog, the results 
seem to be more variable than in man. 

The value of a for chicken serum protein is about one-thirteenth 
greater than for human serum protein. However, the protein 
concentration of human serum is one-half greater, so that per unit 
volume of serum, human serum has about one-third greater buffer 
value than that of chicken. If, now, we consider equal volumes of 
chicken and human whole blood, since the serum volume is mark- 
edly greater in the former, the effective buffering value of serum 
protein in whole blood is approximately the same for both species. 

Buffer Values of Oxygenated Whole Blood—lIt is possible by the 
use of the empirical chart developed by Henderson and his asso- 
ciates (17) to compare the buffer value of chicken blood with 
that of human blood of the same alkaline reserve and oxygen 
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capacity. Such a comparison is made in Table II and it is seen 
that per unit volume chicken blood has only slightly less (98 per 
cent) buffering power than human blood. Since the buffer value 
of a given volume of chicken serum is less than that of human 
serum, it follows that the buffering value of the chicken cells must 
be somewhat greater. 

Oxygen Dissociation Curves—The oxygen dissociation curves 
shown in Fig. 1 are derived from smoothed data, as follows: With 
experimental data from three or four different samples of com- 
posite blood equilibrated at the three COz pressures indicated and 


TABLE II 
Buffer Value of Oxygenated Whole Blood at 40° 
ACO2{ 60-20) 
CO: capac- 
Serum HbO2 
Date protein capacity from human Ratio 
gm. perl. | m.-eq. perl. | m.-eq. perl. | m.-eq. perl. | m.-eq. per l. 
Nov. 29 48 .31 7.80 20 . 44 5.30 5.42 0.978 
5.38 21.92 4.81 4.81 1.000 
Jan. 5 50.81 8.93 17.25 5.12 5.44 0.941 
Nov. 3 39 .50 5.63 21.35 4.49 4.84 0.928 
Mar. 30 5.70 21.02 4.81 4.85 0.992 
Jan. 26 6.01 21.38 4.67 4.95 0.943 
Apr. 13 5.33 20 .22 4.27 4.71 0.907 
Dec. 8 5.90 20 .48 4.90 4.87 1.006 
Nov. 15 47.8 5.20 20 . 22 4.63 4.68 0.989 
Dec. 13 48 .00 8.60 18.15 5.80 5.43 1.068 


varying oxygen pressures, a rough plot is made of per cent oxygen 
saturation against pOe. Since the carbon dioxide pressures are 
never exactly 10 mm., 40 mm., or 100 mm. of Hg, the necessary 
corrections are applied on the theory that over a small range of 
oxygen pressure the corrections are linear. From the curves so 
plotted and corrected, log (l00OHb/HbOz2) and log pO: are deter- 
mined and plotted against one another. All previous work on 
mammalian blood tends to show that curves at different pCO, 
values plotted in this way yield parallel lines. In our work these 
lines had a pronounced curvature, whereas it is usually found that 
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. they are more nearly straight. This, however, does not affect 
their use in the present instance. Taking account of this fact 
that the curves should be parallel, the best fitting sets are drawn 
through the points. In the particular case under consideration, 
the curve at 40 mm. pCO; being the best defined, the others were 
drawn parallel to it. Finally, from the logarithmic plot so ob- 


AHbOe 


20 40 60 G0 20 


Fic. 1. Oxygen dissociation curves from smoothed data 


tained the values for HbO, in per cent and pO: in mm. of Hg were 
read off and plotted to give the smoothed curves shown in Fig. 1. 
It has been previously stated in this paper that the buffering 
values of chicken and human hemoglobin seem much the same. 
A comparison of the effect of changing pCO:z on the oxygen disso- 
ciation curves of the two species confirms this observation. 
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In Fig. 2 a comparison of the oxygen dissociation curves of man . 
(7), dog (7), and chicken has been made at pH. 7.1. The equi- 
libration temperatures are different, but since the comparison is 
made at approximately normal body temperature for each animal, 


% 
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Fic. 2. Comparison of oxygen dissociation curves at pH.7.1. Equilibra- 
tion temperatures for man and dog were 37.5° and for chicken, 40.0°. 


it is, we believe, valid. The displacement of the oxygen dissocia- 
tion curves to the right has been noticed in other birds. Wastl 
and Leiner (6) report it in the case of ducks, geese, and pigeons. 
The greatest displacement is found in the chicken and the least in 
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the goose, which is close to that for man. These authors attribute 
the displacement in part to the decrease in oxygen-combining 
capacity of the hemoglobin due to the rise in temperature and also 
to a definitely smaller affinity of the hemoglobin for oxygen. 

In Fig. 3 the effect of acid change on the affinity of the blood 
for oxygen is shown. The effect is evidently much the same in 
dog, man, and chicken, but the smaller affinity of the chicken 


22+ 


1 
45 Pe 7S 


Fig. 3. Position of oxygen dissociation curves (log O: when HbO; = 
50 per cent) in relation to change in pH.. 


hemoglobin is shown in the distance its curve lies above those for 
the mammals. For chicken blood the relation within physio- 
logical limits is pOz = 5.76 — 0.57 pH. 

Nomogram—The alignment chart shown in Fig. 4 has been con- 
structed in accordance with Henderson’s method (15). It presents 
a roughly quantitative picture of chicken blood. On such a chart 
any straight line cuts the plotted scales of the variables in simul- 
taneously occurring values. On account of certain inconsistencies, 
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such as the fact that the line representing oxygen pressure is based 
on an oxygen capacity of about 13.5 volumes per cent of O2 taken 
from a mean value for the blood samples used in constructing the 
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Fic. 4. Blood of Rhode Island Red chicken. (BHCO;), is given per 
unit of serum. 


smoothed Oz dissociation curves (Fig. 1), this is not entirely true 
of our nomogram. All other variables except the serum volume 
and the chloride and bicarbonate ion ratios are from a single day’s 
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experiment in which the oxygen capacity was 11.93 volumes per 
cent of O.. Hence any pO: values read from the chart will be 
about 10 per cent too high. 

The line labeled rineory was calculated according to the rela- 
tionship developed by Van Slyke, Wu, and McLean (11) for r 
as a function of the base bound by protein and the protein con- 
centrations in cells and serum with our experimental data on 
chicken blood for these values. 

The construction of the lines representing pO. deserves some 
further comment. Of all the variables concerned in the nomo- 
graphic picture of the blood, the oxygen pressure is the least 
amenable to such treatment. It is almost impossible to obtain 
it as a simple linear function, and since the nomogram is accurate 
only for such linear relationships or those which are approximately 
so, the introduction of such a variable is quite inaccurate. To 
overcome the difficulty the oxygen pressure has been plotted for 
three different carbon dioxide pressures. The great difference 
between the curves serves to emphasize our previous statement. 
In reading a value for oxygen pressure, then, it must be interpo- 
lated from these curves at the corresponding pCOs>. 

The data for the placing of the arterial and venous curves were 
obtained from blodd taken by cardiac puncture on nine different 
birds. In all cases attempts were made to obtain both arterial 
and venous samples from the same bird but usually this was impos- 
sible. The values of the oxygen capacity, oxygen content, and 
carbon dioxide content were determined on each sample. The 
venous oxygen capacities were usually found to be about 1 volume 
per cent less than the arterial. In some cases a sample was equi- 
librated with CO, to find the approximate position of the COz dis- 
sociation curves. The value for the CO2 content of venous blood 
used in the construction of the curve was calculated on the assump- 
tion that the respiratory quotient of chickens is about 0.9 because 
of their largely carbohydrate diet. The calculated value agrees 
roughly with those found on direct analysis. 

With the values for CO2 contents and the CO, dissociation curve 
plotted from the equilibrations performed, and with a knowledge 
of the usual slope of such curves obtained from previous work, 
the approximate arterial pCO, was calculated as 34 mm. of mer- 
cury and that of mixed venous blood as 45 mm. This indicates 
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that a pressure head of about 10 mm. exists between venous and 
arterial blood for the removal of COs. 

The percentage utilization of oxygen in the resting bird is evi- 
dently much greater than in the human being. In most cases our 
birds were quiet while the cardiac punctures were made, so that 
the results are probably close to the resting values and the in- 
creased oxygen utilization is real. Arterial blood is only about 
88 per cent saturated with oxygen as compared with the value of 
95 per cent found in man; the venous saturation is very much 
lower, reaching an average of about 40 per cent. This greater 
oxygen utilization is possibly connected with the relatively greater 
activity of birds and might be even more pronounced in those 
species that retain the use of their wings for flying. 

Miscellaneous Observations—The red cell count of chicken blood 
was determined in seven cases and values from 2.45 to 3.67 millions 
with a mean of 2.94 were found. This is !ower than in human 
blood to almost the same degree as the cell volume. Fritsch (1) 
gives mean red cell counts of his own and various authors varying 
from 2.62 to 4.28 millions for different species of chickens. Wastl 
and Leiner (6) give mean cell counts of 3.075 millions for pigeons 
and 2.75 millions for ducks. We also made one leucocyte count 
which was about 10,000. 

In many cases we experienced difficulty in obtaining consistent 


values for oxygen capacity. It was finally found that unless the | 


blood was rotated continuously in a rather large container (relative 
to the quantity of blood used) with frequent changes of air during 
the time samples were being withdrawn, equilibrium could not be 
reached. This is evidently due to the very high rate of metabolism 
(oxygen consumption) of the nucleated cells as compared with the 
anucleate mammalian type. Tipton (18) has shown that this high 
rate of respiration exists in chicken erythrocytes and has found 
that it falls off rapidly with diminishing temperature. Indeed, 
if the rate at 20° is taken as a reference, there is a falling off of 
about 240 per cent as the temperature drops from 38° to 20°. 
This would indicate (although the temperature coefficient is prob- 
ably different over the range from 20—0°) that, under the condi- 
tions in which our blood samples were kept after collection, me- 
tabolism was slight. 
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SUMMARY 


A physicochemical study of the blood of a domesticated bird, 
the Rhode Island Red chicken, has been made. The buffering 
values of the serum proteins and of the cells are about the same as 
for man, if the relative concentrations are taken into account. 
The oxygen dissociation curves are the familiar sigmoid shape but 
are displaced further to the right than is the case with any bird 
previously reported. A nomographic picture of the blood as a 
whole is given. 

Physiologically the very high utilization of oxygen by the tissues 
as compared to that in man is striking. 


The authors are greatly indebted to Professor L. J. Henderson 
and Dr. D. B. Dill for their interest and advice, without which this 
work would have been impossible. We also wish to thank the 
other workers in the Fatigue Laboratory for their valuable tech- 
nical assistance throughout the course of the research. 
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THE CONFIGURATIONAL RELATIONSHIP OF METHYL- 
BENZYLACETIC TO METHYLBENZYLPROPIONIC ACID 
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New York) 
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The present investigation constitutes a part of a plan designed 
to ascertain the effect of the distance of a chromophoric group 
from the asymmetric center on the partial rotation of that group 
as well as its effect on the partial rotations of the other chromo- 
phoric groups attached to the asymmetric carbon atom. The 
significant chromophoric groups in the present case are the phenyl 
and hexahydrophenyl. It was desired to compare the effect of 
the benzyl and hexahydrobenzyl groups, on one hand, with the 
normal heptyl radicle, and, on the other hand, with an isobutyl, 
in which the significant isopropyl group is likewise at a distance 
of one CH, group from the asymmetric center. 

One of the procedures employed in this laboratory for correla- 
tion of the configurations of different substances has consisted in 
the conversion of two substances of different structure into hydro- 
carbons differing one from the other only in the spatial arrange- 
ments of the groups. 

In the present case it would be required, on one hand, to convert 
the methylbenzylacetie acid (I) into methylethylbenzylmethane 
(II), and, on the other hand, to convert a methylethylacetic acid 


CH; CHs CHs CH; 


| | | | 
H—C—COOH H—C—C,H; H—C—CH.C;H; — H—C—COOH 


| 


CH, CH, CH, 
| | 
I II IV II 
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(III) into the hydrocarbon (IV). It is evident from formule 
(I) to (IV) that the two configurationally related acids lead to 
enantiomeric hydrocarbons. 

Inasmuch as the benzyl derivatives can be converted by hydro- 
genation into the hexahydrobenzyl derivatives, the correlation of 
the latter with the corresponding heptyl derivatives can be accom- 
plished readily. 

The present communication deals with the first part of the 
problem; namely, the conversion of methylbenzylacetic acid (I) 


TaBLE I—Comparison of Molecular Rotations (Not Maximum) of Con 


CHs CH; CH; CH; CH; 


| 
H—C—COOH | H—C—COOC.H; | H—C-—-CH,0H | H—-C—-CH 


| | | | | 


CH, CH, CH: CH, CH, 

| | 

| | | | | 

~31.3° | —46.5° 4+4.3° —17.30° 4+1,0° 
(Maximum) (Maximum) 

CH; CH; CH; CH; CH; 


Cee | | | 
H—C—COOH | H—C—COOC.H; | H—C—CH,OH | H—C—CH:Br 


| | | | 


CH, CH, CH, CH, CH, 
| | | | 
—28.4° —34.7° +5.36° +2.06° +3.96° 
(Maximum) (Maximum) 


into the hydrocarbon (II) and of the corresponding transformation 
of methylhexahydrobenzylacetic acid into the methylethylhexa- 
hydrobenzylmethane. 

The results are presented in the present stage of progress for 
the reason that in the process of conversion of methylbenzylacetic 
acid into the hydrocarbon (II), the configuration of the former 
was correlated to that of 3-methyl-3-benzylpropionic acid, and 
thus an opportunity presented itself for the study of the effect of 
the distance of the carboxyl group from the asymmetric center on 
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its own partial rotation and on the partial rotations of the other 
chromophoric groups. 

From Table I it can be seen that in the group of substances there 
given, belonging to the general type 


R 


Related Benzyl to Hexahydrobenzyl Derivatives. (Homogeneous) 


CH; CH; CH; CH; 

CH, CH, CH, CH, 

)° —1.6° +0.6° —9.5° +-2.7° 
CH; CH; CO... CH; 


| 
I; H—C—CH,COOC,H; H—C—CH:CH,.OH H—C—CH,.CH:2Br H—C—CH,CH; 


CH, CH, CH; 

| | | 

CeHu CeHu CsHu 
5° +3.29° +4.0° +0.6° +4.69° 


(where R = an alkyl group ora phenyl, benzyl, or phenethyl group 
and their hexahydro derivatives and n = 0 or an integer), the 
: change of n = 0 to n = 1 brings about (with one exception) a 
| change of the direction of rotation of the substance (in the visible 
| region). In the case where R is a normal alkyl group, the change 
in rotation has been shown! to be due to a change in the partial 


i 


1 Levene, P. A., Rothen, A., and Marker, R. E., J. Chem. Physic., 1, 
662 (1933). 


H—C—(CH:;),COOH 
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rotation of the carboxyl group. Work on the analysis of the par- 
tial rotation of the carboxyl in the benzyl and hexahydrobenzyl 
series of acids is now in progress. 

The second point of interest which can be seen from Table I is 
the fact that hydrogenation of the benzyl group brings about 
exaltation of the rotation, whereas in the case of the phenyl and 
phenethyl] series the reverse is the case. 


EXPERIMENTAL 
Dextro-Methylbenzylacetic Acid 
| 


CH; 


The inactive acid was prepared through the malonic ester syn- 
thesis. 492 gm. of inactive acid were dissolved in 4 liters of boiling 
acetone, and 1200 gm. of quinine added. The product was crys- 
tallized by cooling. After eight crystallizations the rotation 
reached a maximum value. The acid was liberated as usual. 
B.p. 150° at 1 mm. 


js +20.3° 
= 1.065 
; Maximum [M]> = +31.3° (homogeneous) 
5.360 mg. substance: 14.410 mg. CO, and 3.605 mg. H,O 
C10H1202. Calculated. C 73.13, H 7.37 
164.1 Found. 73.31, 7.52 


= +19.1° (homogeneous) 


Levo Ethyl Ester of Methylbenzylacetic Acid 


CH; 


50 gm. of methylbenzylacetic acid, [M]” = —17.3° (homo- 
geneous), were dissolved in 150 ec. of absolute alcohol and 5 cc. 
of concentrated sulfuric acid added. The product was heated 1 
hour on a steam bath, water was added, and the ester extracted 
with ether. The ethereal solution was shaken with sodium car- 
bonate solution, dried, then distilled. B.p. 95° at 1mm. Yield 
52gm. D 25/4 = 0.990. 


— 13.3° 
= —13.4°; [M]>h = —25.7° (homogeneous) 


= 


1 X 0.990 
Maximum = —46.5° (homogeneous) 


| 
| 
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4.346 mg. substance: 12.088 mg. CO, and 3.275 mg. H;,O 
Cy2H16O>. Calculated. C 74.95, H 8.40 
192.1 Found. ** 75.84, ** 8.43 


Dextro-M ethylbenzylethanol Cs 
| 
CH; 

50 gm. of ethyl ester of methylbenzylacetic acid, [M]® = — 25.7° 
(homogeneous), were dissolved in 200 cc. of absolute alcohol and 
this slowly dropped into an emulsion of 80 gm. of sodium in 300 ce. 
of boiling toluene, with stirring. The carbinol was worked up as 


usual and purified through its half phthalic ester. B.p. 105° at 
Imm. D 25/4 = 0.980. 


2.80° 
= +2.9°; [M]> = +4.3° (homogeneous) 


4.905 mg. substance: 14.415 mg. CO, and 4.200 mg. H,O 
C10H,,0. Calculated. C 79.94, H 9.40 
150.1 Found. ** 80.16, ‘* 9.59 


CH; 


10 gm. of methylbenzylethanol, [M]” = +4.3° (homogeneous), 
were mixed with 20 gm. of phosphorus tribromide. This was 
heated 1 hour on a steam bath, poured on ice, and the halide ex- 
tracted with ether. B.p.85°at 1mm. Yield10gm. D 25/4 = 
1.268. 


[a]> = i =e = —8.12°; [M]> = —17.30° (homogeneous) 
5.556 mg. substance: 11.540 mg. CO: and 3.165 mg. H,O 
4.825 ‘ : 4.243 mg. silver bromide 
CioHi;Br. Calculated. C 56.33, H 6.15, Br 37.52 
213.0 Found. “* 56.64, ‘6 6.37, ‘* 37.42 


Dextro-Methylbenzylpropionic Acid 


CH; 
A Grignard reagent was prepared from 100 gm. of 2-methyl-2- 
benzyl-1-bromoethane, [M]? = —14.4° (homogeneous), and 


12 gm. of magnesium in dry ether. Carbon dioxide was passed 


Bi 
| 
4 
j 
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| 
He 
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into this. The product was decomposed by ice and hydrochloric 
acid. The organic acid was extracted with ether and purified 
through its sodium salt. B.p. 160° at 1 mm. Yield 50 gm. 
D 25/4 = 1.040. 


= +0.55° 
1.040 
4.435 mg. substance: 12.005 mg. CO: and 3.075 mg. HO 
Ci:H14Ox>. Calculated. C 74.11, H 7.92 
178.1 Found. ‘73.81, 7.75 


Levo Ethyl Ester of B-Methyl-B-Benzylpropionic Acid 
; 


| 
CH; 


50 gm. of methylbenzylpropionic acid, [M]” = +0.94° (homo- 
geneous), were dissolved in 100 cc. of absolute alcohol and 5 ce. of 
concentrated sulfuric acid added. The product was heated 1 hour 
on a steam bath, poured on ice, and the ester extracted with ether. 
The ethereal solution was shaken with sodium carbonate solution, 
dried, then distilled. B.p. 110° at 1 mm. Yield 52 gm. 
D 25/4 = 0.982. 

—0.77° 
1 X 0.982 
5.000 mg. substance: 13.910 mg. CO; and 3.924 mg. H,O 


Calculated. C 75.68, H 8.80 
206.1 Found. ** 75.86, 8.78 


= +0.53°; [M]5 = +0.94° (homogeneous) 


= —0.78°; [M]> = —1.61° (homogeneous) 


= 


CH; 


50 gm. of ethyl ester of methylbenzylpropionic acid, [M]® = 
—1.61° (homogeneous), were dissolved in 200 cc. of absolute alco- 
hol. This was slowly dropped into an emulsion of 80 gm. of finely 
divided sodium in 300 cc. of boiling toluene, with vigorous stirring. 
After the sodium had all dissolved, water was added and the car- 
binol extracted with ether. The product was distilled, then puri- 
fied through its half phthalic ester. B.p. 115° at 1mm. Yield 
35 gm. D 25/4 = 0.968. 


+0.35° 
1 X 0.968 


= +0.36°; [M]5 = +0.59° (homogeneous) 


= 
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4.158 mg. substance: 12.280.mg. CO, and 3.711 mg. H.O 
CHO. Calculated. C 80.42, H 9.83 
164.1 Found. ** 80.53, ‘* 9.98 


CH; 


35 gm. of 3-benzyl-1-butanol, [M]” = +0.59° (homogeneous), 
were cooled in ice and 100 gm. of phosphorus tribromide added. 
The product was heated 1 hour on a steam bath, then poured on 
ice. The halide was extracted with ether, then purified as usual. 
B.p. 110° at 1 mm. Yield 35 gm. D 25/4 = 1.229. 


5.090 mg. substance: 10.850 mg, CQO, and 2.925 mg. H.O 
C:,H;;Br. Calculated. C 58.14, H 6.66 
227.0 Found. ** 58.13, “ 6.43 


Dextro-3-Benzylbutane CsH;CH ; 


—4.19°; [M]5 = —9.51° (homogeneous) 


CH; 


A Grignard reagent was prepared from 30 gm. of 3-benzyl-1- 
bromobutane, [M] = —9.51° (homogeneous), and 4 gm. of mag- 
nesium in dry ether. This was poured on ice and the hydrocarbon 
extracted with ether. After distilling the ether, the hydrocarbon 
was shaken with colloidal palladium and hydrogen, then distilled 
from sodium. B.p. 80° at 20 mm.; 194° at 760 mm. D 25/4 = 
0.859. Shaking with Pd did not change the rotation. 


+1.55° 
ame. +1.80°; [M], = +2.67° (homogeneous) 


3.325 mg. substance: 10.865 mg. CO, and 3.225 mg. H,O 
CA. Calculated. C 89.11, H 10.89 
148.1 Found. *€ 89.10, ** 10.85 


Dextro-Methylhexahydrobenzylacetic Acid 
| 


CH; 


100 gm. of methylbenzylacetic acid, [M]? = +11.9° (homo- 
geneous), were dissolved in 100 cc. of glacial acetic acid and 3 gm. 
of platinum oxide added. The product was reduced and purified 
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as described for methylcyclohexylacetic acid.2. B.p. 136° at 1 mm. 
Yield 100 gm. D 25/4 = 0.978. 


+6.18° 
1 X 0.978 
Maximum [M]> = +28.4° (homogeneous) 
4.030 mg. substance: 10.500 mg. CO2 and 3.865 mg. HO 
CioHis02. Calculated. C 70.53, H 10.66 
170.1 Found. “71.05, “ 10.73 


= +6.32°; = +10.8° (homogeneous) 


= 


Dextro Ethyl Ester of Methylhexahydrobenzylacetic Acid 
H —C OOC oH 5 


CH; 


90 gm. of methylhexahydrobenzylacetic acid, [M]? = +10.8° 
(homogeneous), were dissolved in 200 cc. of absolute alcohol and 
5 ec. of concentrated sulfuric acid added. The product was 
heated on a steam bath for 30 minutes, then poured on ice. The 
ester was extracted with ether, then shaken with sodium carbonate 
solution, and finally distilled. B.p.105° at 15mm. Yield 90 gm. 
D 25/4 = 0.922. 


+6.15° 
0.022 +6.67°; [M]5> = +13.2° (homogeneous) 


Maximum [M], = +34.7° (homogeneous) 
4.695 mg. substance: 12.610 mg. CO, and 4.665 mg. H.O 
Cy2H 2202. Calculated. C 72.66, H 11.19 


= 


198.2 Found. 73.24, 11.11 
Levo-Methylhexahydrobenzylethanol 
| 
CH; 


45 gm. of ethyl ester of methylhexahydrobenzylacetic acid, 
[M]2 = +13.2° (homogeneous), were dissolved in 200 cc. of abso- 
lute alcohol and dropped into an emulsion of 60 gm. of sodium in 
300 cc. of boiling toluene, with vigorous stirring. The carbinol 
was isolated by adding water and extracting with ether. It was 
purified through its phthalic ester. B.p. 114° at 15mm. Yield, 
60 gm. from 90 gm. of ester. D 25/4 = 0.905. 


2 Levene, P. A., Marker, R. E., and Rothen, A., J. Biol. Chem., 100, 
589 (1933). 
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—3.10° 


5.131 mg. substance: 14.400 mg. CO, and 5.870 mg. H:O 
CioH200. Calculated. C 76.84, H 12.91 
156.2 Found. 76.53, ‘* 12.79 


Levo-Methylhexahydrobenzylethyl Bromide CoH —CH.,Br 


[«]p = 


CH; 


60 gm. of methylhexahydrobenzylethanol, [M]> = —5.36° 
(homogeneous), were cooled in ice and 100 gm. of phosphorus tri- 
bromide added. The product was heated 1 hour on a steam bath, 

then poured onice. It was purified as usual. B.p. 108° at 10 mm. 
Yield 60 gm. D 25/4 = 1.164. 


—1.09° 
= = —0.94°; = —2.06° (homogeneous) 


4.711 mg. substance: 9.630 mg. CO, and 3.615 mg. H,O 
7.171 : 6.000 silver bromide 


CioHisBr. Calculated. C 54.78, H 8.74, Br 36.48 
219.1 Found. 55.74, 8.58, “* 35.61 


Levo-B-M ethyl-B-H exahydrobenzylpropionic Acid 
| 


CH; 


(a) A Grignard reagent was prepared from 4 gm. of magnesium 
in ether and 30 gm. of methylhexahydrobenzylethyl bromide, 
[M]> = —2.06° (homogeneous). Carbon dioxide was passed into 
this. It was decomposed by ice and hydrochloric acid. The or- 
ganic acid was extracted with ether and purified through its sodium 
salt. B.p. 148° at 1mm. Yield 15 gm. D 25/4 = 0.966. 


= = —2.15°; [M]> = —3.96° (homogeneous) 
(b) 10 gm. of methylbenzylpropionic acid, [M]? = —0.8° 


(homogeneous) (from methylbenzylacetic acid, [M]?> = +11.9°), 
were dissolved in 25 cc. of glacial acetic acid and 0.5 gm. of plati- 
num oxide added. It was shaken with hydrogen under 3 to 4 
atmospheres pressure, as described for methylcyclohexylacetic 
acid. 


i, 
| 
if 
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—2.05° 
1 X 0.966 
4.405 mg. substance: 11.670 mg. COz and 4.270 mg. H,O 
2002. Calculated. C 71.68, H 10.95 
184.2 Found. ‘* 72.24, ** 10.84 


= —2.12°; [M]> = —3.91° (homogeneous) 


= 


Levo Ethyl Ester of B-Methyl-B-Hexahydrobenzylpropionic Acid 
CoH CH —CH,COOC.Hs 


CH; 


20 gm. of 6-methyl-8-hexahydrobenzylpropionic acid, [M]® = 
—3.96° (homogeneous), were dissolved in 50 ec. of absolute alco- 
hol and 2 cc. of concentrated sulfuric acid added. The product 
was heated 1 hour on a steam bath, poured onto ice, and extracted 
with ether. It was shaken with sodium carbonate, then distilled. 
B.p. 122° at 12mm. Yield 21 gm. D 25/4 = 0.921. 


4.155 mg. substance: 11.200 mg. CO, and 4.300 mg. H.O 
CisH2Oz. Calculated. C 73.52, H 11.40 
212.2 Found. *€ 73.50, 11.58 


—1.55°; = —3.29° (homogeneous) 


Levo-3-M ethyl-3-H exahydrobenzylpropanol-1 
—CH.CH,OH 


CH; 
20 gm. of ethyl ester of 6-methyl-8-hexahydrobenzylpropionic 
acid, [M]® = —3.29° (homogeneous), were dissolved in 100 ce. of 


absolute alcohol and slowly dropped into an emulsion of 30 gm. 
of sodium in 300 cc. of boiling toluene, with stirring. The product 
was isolated and purified as described for methylhexahydroethanol. 
B.p. 120° at 1mm. Yield 12 gm. D 25/4 = 0.919. 


—2.18° 


° 
2.37°; [M]p 4.03° (homogeneous) 


= 


3.105 mg. substance: 8.920 mg. CO; and 3.730 mg. H,O 
Calculated. C 77.57, H 13.03 
170.2 Found. 78.34, 13.44 
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Dextro-3-M ethyl-3-H exahydrobenzyl-1-Bromopropane 


CH; 


10 gm. of 3-methyl-3-hexahydrobenzylpropanol-1, [M]® = 
—4.03° (homogeneous), were cooled in ice and 20 gm. of phos- 
phorus tribromide added. The bromide was prepared as previ- 
ously described. B.p. 112° at 1mm. Yield 10 gm. D 25/4 = 
1.139. 


eae = +0.26°; [M]> = +0.61° (homogeneous) 
3.735 mg. substance: 7.730 mg. CO, and 3.120 mg. H,O 
4.724 :3.920 “ AgBr 
CyuHaBr. Calculated. C 56.63, H 9.08, Br 34.29 
233.1 Found. 56.43, 9.35, 34.41 


Dextro-3-H exahydrobenzylbutane CyH 


= 


CH; 


5 gm. of 3-benzylbutane, [M]” = +2.67° (homogeneous), were 
dissolved in 25 cc. of glacial acetic acid and reduced by shaking 
with platinum oxide and hydrogen under a pressure of 3 atmos- 
pheres. The hydrocarbon was distilled from sodium. B.p. 191° 
at 760 mm. D 25/4 = 0.805. Yield 5 gm. 


[a]5 = eee = +3.04°; [M]> = +4.69° (homogeneous) 


3.687 mg. substance: 11.575 mg. CO2 and 4.740 mg. H,0 
Calculated. C 85.61, H 14.39 
154.2 Found. 85.61, 14.38 
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THE CONFIGURATIONAL RELATIONSHIP OF ACIDS OF 
THE PHENETHYL SERIES TO THOSE OF THE 
NORMAL SERIES 


By P. A. LEVENE anp R. E. MARKER 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, April 5, 1935) 


The series of ‘phenyl’ acids presents a special interest for the 
reason that the members contain two chromophoric groups with 
absorption bands in the easily accessible ultra-violet region, and 
hence they offer an opportunity for the study of the effect of 
the variables; namely, the distance of the carboxyl group from 
the asymmetric center when the distance of the phenyl group is 
kept constant or the reverse. 

These substances are of the following general type (where both 
mand n = 0 or an integer). 


(CH2)m 


I 


In order to make this study possible, it was required to establish 
series homologous with respect to m. The type of series ho- 
mologous with respect to n has been discussed in previous com- 
munications.! The method adopted for this purpose was to cor- 
relate this group of substances with that containing a normal 
hexyl group in place of the phenyl. 


1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 93, 749 (1931); 97, 
563 (1932). 
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In the present case (phenethy! derivatives) it was required to 
establish the relationships shown in formule (II) to (V). The 
CH; CH; CH; CH; 


| | eee | 
H—C--COOH — H—C—C;H; — 


CH; 
C.Hs CeHis CeHis 
Dextro Levo Levo Dextro 
II III V 


relationship of (IV) to (V), on the basis of the rule of Levene and 
Haller,? and of (IV) to (III), on the basis of the work of Klages 
and Sautter,* is known. Hence there remained to establish the 
relationship of (II) to (III). 

The relationship of (II) to (III) has now been established by the 
set of reactions given in Table I, which shows that dextro-2- 
benzylpropionic acid (II) leads to levo-methylethylbenzyl- 
methane (III). 

An outline of the principal transformations by which, starting 
from dextro active valeric acid, it is possible to arrive at a conclu- 
sion as to the directions of rotation of (II) and (V), is given in 
formule (VI) to (XIV). 

From formule (VIII) and (X), on one hand, and from formule 
(XI) and (XIV), on the other, it can be seen that configurationally 
related 2-octyl- and 2-phenethylpropionic acids rotate polarized 
light in the same direction. In other words, when in formula (I), 
m = 2, then substitution of a hexyl by a phenyl group does not 
cause change in the direction of rotation of the propionic acid 
substituted in position (2). 

From Table I it can be seen that 3-phenethylbutyric acid rotates 
polarized light in a direction opposite from that of 2-phenethyl- 
propionic acid, thus showing that in the phenethyl series the 


2 Levene, P. A., and Haller, H. L., J. Biol. Chem., 79, 475 (1928). Levene, 
P. A., and Walti, A., J. Biol. Chem., 94, 593 (1931-32). 
3 Klages, A., and Sautter, R., Ber. chem. Ges., 37, 654 (1904). 
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change of n = 0 to n = 1 brings about the same change in the 
direction of rotation as in the case of the normal octyl series. 


CH; 
H—C—C..H; < H—C—COOH 
CH; 
| Z CsHi7 
H—C—CsHi7 
i CH, CH, Dextro Levo 
| VII VIII 
H—C—C3H; H—C—C,H; 
Levo | 
XII COOH COOH CH; CH; 
| 
xI VI | | 
CH.CH:C;.H; CH2CH.C.Hs 
Dextro Levo 
J IX X 
CH CH, 


| 
H—C—(CH.,).C.H; H—C—CH.CH2C,H; 


C,H; COOH 
Levo Dextro 
XIII XIV 


*On the basis of the rule of Levene and Haller. 


Finally, from Table I it can be seen that exhaustive hydro- 
genation of the phenethyl group has no effect on the direction of 
rotation, except in the case of 3-phenethyl-1-bromobutane which 
rotates in a direction opposite from that of 3-hexahydrophenethyl- 
1-bromobutane. 

EXPERIMENTAL 


Methylphenethylacetic Acid CsxH;—CH2CH.—CH—COOH 
| 
CH; 


The inactive acid was prepared through the malonic ester syn- 
thesis and was resolved by crystallizing the cinchonidine salt from 
acetone. After ten recrystallizations the specific rotation reached 
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a value of —27.02°. 


Derivatives of Phenethylacetic Acid 


This material was decomposed and the 


quinine salt prepared. On recrystallizing the latter, the rotation 


did not increase. 


= 


— 28.25° 
1 X 1.042 


B.p. 155° at 2mm. D 32/4 = 1.042. 


5.135 mg. substance: 13.865 mg. CO, and 3.580 mg. H,O 


178.1 


Found. 


Caleulated. C 74.11, H 7.9 
73.64, 7.8 


= —27.1°; [MJ = —48.3° (homogeneous) 


TaBLE I—Molecular Rotations (Not Maximum) of Configurationally Related Phenethyl and F 


CH; CH; CH; CH; 
‘—CH.OH | H—C—CH.Br | H—C—CH.COOH | 

on, on, on, 

+48.3° +7.6° —2.7° —5.8° —6.04° 

CH; CH; CH; CH; % 
H—C—CH:.OH | H—C—CH:Br | H—C—CH,COOH | 

bath bath, bath 

+3.4° +4.9° —2.1° 


250 gm. of methylphenethylacetic acid, a 


Ethyl Ester of Methylphenethylacetic Acid 


CH; 


+4.55° (homo- 


geneous), were dissolved in 400 cc. of absolute ethyl alcohol con- 
taining 2.5 cc. of concentrated sulfuric acid and the solution heated 


XUM 
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on a steam bath during 30 minutes. The ester was then isolated 
and purified in the usual manner. B.p. 120° at 2 mm. Yield 
260 gm. D 28/4 = 0.979. 


ee = +3.7°; [M]>b = +7.6° (homogeneous) 
4.840 mg. substance: 13.515 mg. CO; and 4.030 mg. H,0 

C,3HisO2. Calculated. C 75.69, H 8.8 
206.1 Found. 76.16, 9.3 


= 


thyl and Hexahydrophenethyl Derivatives Containing a Methyl Group. [M]> Homogeneous 


CH; CH; CH; CH; 


| | 
COOH | | | H—C-——CH,CH:2Br | H--C—-CH;CH; 


| 
CH: CH: 
| | | 
CH; C.H; 
—4,9° —3.99° —2.29° —4.76° 


| 
COOH | | H—-C—-CH.CH:0OH | | H—-C—-CH,CH; 


CH; CH, CH, 
| | 
CH; 
| 
CeHu CsHu 
| —1.85° —1.84° 41.1° —2.82° 


Methylphenethylethanol 


250 gm. of ethyl ester of methylphenethylacetic acid, a = 
+3.59° (homogeneous), were reduced by means of sodium and 
alcohol in toluene. B.p. 157° at 17 mm. Yield 180 gm. 
D 28/4 = 0.968. 


| 
| 
| 
| 
CH; | CH; CH; CHs 
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—1.59° 
1 X 0.968 
4.300 mg. substance: 12.600 mg. CO, and 3.790 mg. H,O 

CiiHisO. Caleulated. C 80.42, H 9.83 
164.1 Found. 79.90, 9.86 


—1.6°; [M]> = —2.7° (homogeneous) 


= 


Methylphenethylethyl Bromide 
CH; 


175 gm. of methylphenethylethanol, [M]” = —2.7° (homo- 
geneous), were cooled in ice and treated with 300 gm. of phos- 
phorus tribromide. The product was isolated in the usual manner 
and had a boiling point of 151° at 17 mm. D 27/4 = 1.235. 


la)” —3.15° 
4.420 mg. substance: 9.580 mg. CO, and 2.520 mg. H.O 
5.425 “ “4.415 “ AgBr 
C,,H;,;Br. Calculated. C 58.15, H 6.66, Br 35.21 
227.0 Found. 59.11, 6.35, 34.63 


= —2.6°; [M]p = —5.8° (homogeneous) 


Methylphenethylpropionic Acid 
| 
CH; 


227 gm. of methylphenethylethyl bromide, [M]?’ = —2.14° 
(homogeneous), were converted into a Grignard reagent, which 
was then treated with carbon dioxide. The resulting product was 
then poured onto ice and the acid purified through its sodium salt. 
Yield 102 gm. B.p. 162° at 2mm. D 27/4 = 1.033. 


—3.25° 
1 X 1.033 
5.375 mg. substance: 14.855 mg. CO, and 3.850 mg. H,O 

Calculated. C 74.96, H 8.4 
192.1 Found. ** 75.37, ** 8.0 


= —3.15°; [M]b = —6.04° (homogeneous) 


= 


| Ethyl Ester of Methylphenethylpropionic Acid 
| 
CH; 


80 gm. of methylphenethylpropionic acid, a = —3.25° (homo- 
geneous), were dissolved in 200 cc. of absolute alcohol and 3 ce. 


| | 

| 
| 
a 
0 
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of concentrated sulfuric acid were added. The solution was 
refluxed during 60 minutes, after which the ester was isolated and 
purified. B.p. 131° at 2mm. Yield 80 gm. D 27/4 = 0.973. 


—2.18° 

0.973 

3.750 mg. substance: 10.585 mg. CO, and 2.970 mg. H,O 
00x. Calculated. C 76.29, H 9.2 
220.2 Found. ** 76.99, ‘* 8.9 


= —2.24°; [M]> = —4.9° (homogeneous) 


3-Phenethylbutanol-1 C;sH;sCH.CH —CH,CH,0H 
CH; 


80 gm. of ethyl ester of methylphenethylpropionic acid, 
a = —2.18° (homogeneous), were reduced by means of sodium 
and alcohol in benzene. The carbinol was then purified through 
its phthalate. B.p. 157° at 17 mm. Yield 55 gm. D 27/4 = 


0.959. 


le}? —2.15° 

“1X 0.959 

5.100 mg. substance: 15.300 mg. CO, and 4.490 mg. H.O 
Ci2His0. Calculated. C 80.85, H 10.2 
178.1 Found. 81.84, 9.9 


—2.24°; [M]5 = —3.99° (homogeneous) 


3-Phenethylbutyl Bromide-1 
| 
CH; 


50 gm. of 3-phenethylbutanol-1, a = —2.15° (homogeneous), 
were cooled in ice and 100 gm: of phosphorus tribromide were added. 
The product was heated on a steam bath during 60 minutes, 
poured onto ice, and the halide purified as usual. B.p. 160° at 
17mm. Yield 50 gm. D 27/4 = 1.201. 


= —1.14° 
= 71.201 
4.835 mg. substance: 10.700 mg. CO, and 2.920 mg. H:O 
7.570 : 5.830 AgBr 
Ci2Hi7Br. Calculated. C 59.73, H 7.1, Br 33.15 
241.1 Found. 60.35, “ 6.8, “ 32.77 


—0.95°; [M]5 = —2.29° (homogeneous) 
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Methylethylphenethylmethane C;H;CH.CH —CH.CH; 


CH; 


50 gm. of 3-phenethylbutyl bromide-1, [M]2” = —2.29° (homo- 
geneous), were converted into a Grignard reagent. This was 
refluxed during 60 minutes and then poured onto ice and the hydro- 
carbon isolated as usual. B.p. 112° at 15 mm. Yield 20 gm. 


D 25/4 = 0.855. 
3 —2.51° = —4,76° (h ) 
“+ .94°; > . omogeneous 


5.250 mg. substance: 17.160 mg. CO: and 5.140 mg. H;,O 
is. Calculated. C 88.83, H 11.2 
162.1 Found. 88.14, 11.0 


Methylhexahydrophenethylacetic Acid 


CH; 


35 gm. of methylphenethylacetic acid, a = +4.55° (homo- 
geneous), were dissolved in 50 ce. of acetic acid and shaken under 
hydrogen with 2 gm. of platinum oxide. The product had a 
boiling point of 156° at 2mm. and D 27/4 = 0.968. Yield 33 gm. 


+1.77° 
= 0,068 
3.885 mg. substance: 10.285 mg. CO: and 3.770 mg. H.O 
2002. Calculated. C 71.66, H 11.0 
184.2 Found. ‘¢ 72.20, ** 10.9 


Ethyl Ester of Methylhexahydrophenethylacetic Acid 


CH; 


30 gm. of methylhexahydrophenethylacetic acid, a = +1.77° 
(homogeneous), were dissolved in 100 cc. of absolute alcohol and 
3 ec. of concentrated sulfuric acid were added. After refluxing 
during 30 minutes, the product was isolated and purified as usual. 
B.p.101°at1mm. Yield30gm. D28/4 = 0.919. 


= 
“? 0.919 
5.850 mg. substance: 15.845 mg. CO, and 6.100 mg. H;O 
Cy3Ha4Or. Calculated. C 73.51, H 11.4 
212.2 Found. 73.87, 11.7 


= +1.8°; [M]7 = +3.4° (homogeneous) 


= +2.32°; [M]> = +4.92° (homogeneous) 
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Methylhexahydrophenethylethanol 
| 


| CH; 
30 gm. of ethyl ester of methylhexahydrophenethylacetic acid, 
a = +2.13° (homogeneous), were reduced by means of sodium 
and alcohol in benzene. The carbinol was purified through its 
phthalic ester. B.p. 141° at 17 mm. Yield 22 gm. D 27/4 = 
0.898. 
—1.10° 


[a]? = —1.23°; = —2.09° (homogeneous) 


5.245 mg. substance: 14.885 mg. CO, and 6.140 mg. H,O 
CuH0. Calculated. C 77.56, H 13.0 
170.2 Found. “77.40, 13.1 


Methylhexahydrophenethylethyl Bromide — 


CH; 


20 gm. of methylhexahydrophenethylethanol, a = —1.10° 
(homogeneous), were cooled in ice and 50 gm. of phosphorus tri- 
bromide were added. The product was heated on a steam bath 
during 30 minutes and then poured onto ice. The halide was 
purified in the usual way. B.p. 142° at 15 mm. Yield 20 gm. 
a = 0°. 

5.664 mg. substance: 11.612 mg. CO:2 and 4.615 mg. H,O 


C,,H2Br. Calculated. C 56.63, H 9.1 
233.1 Found. ** 55.91, ‘6 9.1 


Methylhexahydrophenethylpropionic Acid 


CH; 


30 gm. of methylphenethylpropionic acid, [M]?? = —6.18° 
(homogeneous), were mixed with 30 cc. of glacial acetic acid and 
2 gm. of platinum oxide and shaken with hydrogen. B.p. 158° 
at2mm. D 27/4 = 0.959. 


la)” = —1.14° 
1X 0.959 
3.450 mg. substance: 9.275 mg. CO: and 3.380 mg. HO 
Cy2H 2202. Calculated. C 72.65, H 11.2 
198.2 Found. 73.32, 11.0 


—1.19°; = —2.36° (homogeneous) 
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Ethyl Ester of Methylhexahydrophenethylpropionic Acid 
| 


CH; 
25 gm. of methylhexahydrophenethylpropionic acid, [M]2’ = 
—2.36° (homogeneous), were esterified in the usual manner. 
B.p. 162° at 17mm. Yield25gm. D25/4 = 0.918. 


—0.75° 


25 
= 0.918 
3.830 mg. substance: 10.490 mg. CO; and 3.965 mg. H,O 
CyuH2O2. Calculated. C 74.27, H 11.6 
226.2 Found. ** 74.70, ‘* 11.6 


3-Hexahydrophenethylbutanol-1 
| 


CH; 


25 gm. of ethyl ester of methylhexahydrophenethylpropionic 
acid, [M]?> = —1.85° (homogeneous), were reduced by means of 
sodium and alcohol in toluene. The product was then purified 
through its phthalate. B.p. 157° at 17 mm. Yield 17 gm. 
D 27/4 = 0.893. 


= —0.89° 
0.893 
3.225 mg. substance: 9.405 mg. CO, and 3.825 mg. HO 
Calculated. C 78.18, H 13.1 
184.2 Found. 79.54, 13.3 


—0.82°; [M]>5 = —1.85° (homogeneous) 


—1.00°; [M]>5 = —1.84° (homogeneous) 


3-Hexahydrophenethylbutyl Bromide-1 


CH; 

15 gm. of 3-hexahydrophenethylbutanol-1, [M]2’ = —1.84° 
(homogeneous), were treated with 25 gm. of phosphorus tribro- 
mide. The product had a boiling point of 151° at 15 mm. 
D 27/4 = 1.122. Yield 12 gm. 


+0.51° 


oe +0.46°; [M]> = +1.12° (homogeneous) 


= 


5.675 mg. substance: 12.220 mg. CO, and 4.600 mg. H,O 
: 5.300 ‘‘ AgBr 
Ci2H2sBr. Calculated. C 58.28, H 9.4, Br 32.34 
247.1 Found. 58.73, 9.1, ‘* 32.22 
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CH; 


10 gm. of methylethylphenethylmethane, [M]®> = —4.76° 
(homogeneous), mixed with 10 cc. of glacial acetic acid and 1 gm. 
of platinum oxide were shaken with hydrogen. The product had 
a boiling point of 110° at 15mm. D 27/4 = 0.806. Yield 9 gm. 


—1.35° 
= = —1.68°; = —2.82° (homogeneous) 


2.712 mg. substance: 8.560 mg. CO, and 3.380 mg. H.0 
CyHa. Calculated. C 85.61, H 14.4 
168.2 Found. 86.08, 14.0 


ps 
; 
; 
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THE CONFIGURATIONAL RELATIONSHIPS OF THE 
DERIVATIVES OF METHYLBENZYL- AND METHYL- 
PHENETHYL-, METHYLHEPTYL- AND METHYL- 
OCTYLACETIC ACIDS 


By P. A. LEVENE 
WITH THE ASSISTANCE OF MARTIN KUNA 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, April 6, 1935) 


The configurations of optically active hydrocarbons of the type 
Ri 


| 
Rs 


in which R,, Re, and R3 are normal alkyl radicles, are identical if 
the radicles are distributed in the same order (clockwise or counter- 
clockwise) with respect to their size. Hence the hydrocarbons 
may serve as reference substances for the determination of the 
configuration of such substances as can be converted, without 
Walden inversion, into the hydrocarbons. This method was 
outlined in 1926 by Levene and Bass! for the correlation of the 
configurations of substances of the type 


R; 
(where R; = an alkyl, Rez = an alkyl or aryl or mixed arylalkyl, 
and X = a functional group). 
The method has now been applied to the correlation of the con- 
figurations of methylbenzylacetic acid with methylheptylacetic 
acid and of methylbenzylacetic to methylphenethylacetic acid. 


1 Levene, P. A., and Bass, L. W., J. Biol. Chem., 70, 211 (1926). 
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It is evident that the two configurationally related acids (I) 
and (II) should lead to enantiomeric hydrocarbons (III) and 


CH; CHs 
and H—C—CH.CsHs 
COOH 
I II 
| 
CHs CHs 
H—C—CH,CsHs 
CH,C3Hs C2Hs 
ITI IV 
CHs CH; CHs 


| 
H—C—C;Hy «<— H—C-CGH, 


COOH COOH CrHis 

Dextro Dextro Dextro 
V VI VII 
CH; CH; 


| 
H-C—G.H, —— H—C—GHs 


CHO CH:C.Hs 
Dextro Dextro 
VIII IX 
CH; 
H—C—C7His H—C—CH.C.H; H—C—CH,C.Hs 
COOH 
Levo Dextro Levo 


Xx XI XII 
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(IV) and, conversely, two hydrocarbons (III) and (IV) are of 
opposite sign when they are derived from two acids of the structure 
(I) and (II) having the identical configuration. From (V) to 
(XII) it can be seen that the dextro acid (VI) leads to the dextro 
hydrocarbon (IX) and that the dextro acid (XI) leads to the levo 
hydrocarbon (XII). Hence, dextro-methylethylacetic (VI) and 
dextro-methylbenzylacetic (XI) acids are configurationally related. 
Inasmuch as (VI) is configurationally related to acid (V), it follows 
that dextro-methylheptylacetic (V) acid likewise is configuration- 
ally related to dextro-methylbenzylacetic acid (XI). 

In an accompanying paper? it has been shown that dextro- 
methyloctylacetic acid is configurationally related to dextro-meth- 
ylphenethylacetic acid. Since dextro-methylheptyl- and dextro- 
methyloctylacetic acids are configurationally related, it follows 
that dextro-methylbenzyl- and dextro-methylphenethylacetic acids 
are also configurationally related. 

The observations on the acids of the benzyl series permit the cor- 
relation of the configurations of the hexahydrobenzyl] derivatives 
of acetic acid with those of the n-heptyl series, inasmuch as the 
configurational relationship of the benzyl to the hexahydrobenzyl 
derivatives has been established by previous work of Levene and 
Marker. 

Steps Leading from Levo Amyl Alcohol to Methylethylbenzyl- 
methane—The procedure for correlating the configuration of the 
hydrocarbons (VII) to (IX) entailed the reactions shown in (XIII) 


to (XVI). 
CH; 
| 0 
H—C—CH.OH H—C—CHO H—C—CHOHC,Hs 
C:H; 
= —1.27° [M]p = +6.2° [M], = —0.54° 
XIII XV 
CH; 
HI | 
H—C—CH.C.H; 
= +1.85° 
Maximum = +9.25° 
XVI 


2 Levene, P. A., and Marker, R. E., J. Biol. Chem., 110, 311 (1935). 


| 
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The last step of the reaction was accomplished by distilling 
liquid hydrogen iodide into the carbinol, allowing the solution to 
remain in sealed tubes at room temperature for 96 hours, and then 


Methylbenzylacetic Acids 


heating them for 1 hour at 70°. 


Inasmuch as the dextro aldehyde (VIII) is correlated to the 
dextro acid (VI), the configurational relationship of (VI) to (IX) 


is definitely established. 


Maximum Rotation of the Hydrocarbon (IX) and of the Deriva- 
tives of Methylbenzylacetic Acid—On the basis of the maximum rota- 
tion of the hydrocarbon? and on the basis of the data published in 


TABLE I—Comparison of Maximum Molecular Rotations of Configuratiaglly R 


CH; CH; CH; CH; CHs 
on, CH, CH: CH, 
CH CHs CHs 
—31.3° — 46.5° + 12.0° 48,39° +3.43° 
CH; CH, CH; CH; CH; 
H—C—COOC:H; | H—C—CH,0H | H—C—CH:Br 
—28.4° —34.7° +21.9° +8.55° +17.2° 


the paper by Levene and Marker,‘ the maximum rotations of the 
derivatives have been calculated as given in Table I. 
mum rotations of 2-benzylpropionic acid and its ester are given as 


obtained by resolution by Levene and Marker. 


>It must be emphasized that the values are approximate, inasmuch as 
the true proportion of the active amylaldehyde and isoamylaldehyde ob- 
tained on oxidation of the amyl alcohol, ap = —1.18°, may not be the 
same as the proportion of the two carbinols in the starting material. 

4 Levene, P. A., and Marker, R. E., J. Biol. Chem., 110, 299 (1935). 
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EXPERIMENTAL 


Optically Active Valeraldehyde—This was prepared from com- 
mercial active amyl alcohol obtained from Kahlbaum, a? = 
—1.18°, by the procedure of Ehrlich. It was converted into the 
bisulfite derivative, and the liberated aldehyde was reconverted 
into the bisulfite derivative. The operation was repeated a second 
time. The aldehyde distilled at 92° and its rotation was 


+5.78° 


©, 20 
1 X 0.807 +7.2°; [M]p = +6.2° (homogeneous) 


[«]> = 


ating ly Related Benzyl to Hexahydrobenzyl Derivatives. (Homogeneous) 


CH; CH. CH; CH, 
H-—C—CH:CH.0OH | H—C—CH.CH:Br_ | H—C—CH,CH; 
| CH: CH; CH, CH; 
CH, 
° ~5.66° ~32.62° 4.9.25° 
CH; CH, CH, CH; 


| 
H-—C—CH:COOC;H; | H—C-—-CH:CH:0H | H-—-C-—-CH:CH2Br | H—-C——CH,CHs 


CH: CH, CH, CH, 
| | | 
CeHu CeHu CeHu CeHu 
+13.7° +17.3° +2.7° +19.3° 


2-Methyl-1-Phenylbutanol-1—30 gm. of bromobenzene (b.p. 
153-156°) were slowly dropped into 150 cc. of dry ether contain- 
ing 6 gm. of magnesium turnings. After all the bromide was 
added, the reaction mixture was kept refluxing for an additional 10 
minutes. To the Grignard reagent 15 gm. of the aldehyde were 
added at a rate to permit slow refluxing. The reaction product 
was worked up in the usual manner. The product distilled at 
72-76° at0.3mm. Yield24.5gm. a> = —0.87°. The product 


> Ehrlich, F., Ber. chem. Ges., 40, 2556 (1907). 
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apparently was contaminated with the acetal, inasmuch as its 
composition was C 82.76 and H 9.68, whereas the theory required 
C 80.42 and H 9.83. 

The substancé was therefore refluxed for 5 hours in a solution 
of 100 cc. of 90 per cent alcohol containing 2 cc. of concentrated 
hydrochloric acid. The reaction product was worked up in the 
usual way. The carbinol distilled at 68-70° at 0.8 mm. Yield 
18.8 gm. D 25/4 = 0.956 (corrected); n? = 1.5070. 

The composition of the substance was the following. 


3.875 mg. substance: 11.430 mg. CO, and 3.330 mg. H.O 
CiHwO. Calculated. C 80.42, H 9.83 


164.1 Found. 80.43, 9.61 
The rotation of the substance was as follows: 
»  —0.52° 
10.956 0.54° (homogeneous) 
Dextro-Methylethylbenzylmethane—10 gm. of the above carbinol, 
((a]” = —0.54°), were placed in a tube and cooled in a dry ice- 


acetone bath. 30 gm. of anhydrous hydriodic acid were distilled 
into it. The tube was sealed and allowed to stand at room tem- 
perature for 4 days. It was then placed for 1 hour in a water 
bath at 70°. The tube was again cooled, opened, and the excess 
of hydriodic acid was allowed to escape spontaneously. The 
reaction product contained a considerable quantity of iodine crys- 
tals. It was therefore taken up in an excess of a 10 per cent potas- 
sium iodide solution and extracted with hexane. The latter solu- 
tion was washed successively with a solution of potassium iodide, 
bisulfite, dilute carbonate, water, and concentrated calcium chlo- 
ride, dried, and fractionated. 

The fraction distilling at 80° at 12 mm. yielded 3.5 gm. of a 
colorless liquid which had the following composition and properties. 
D 25/4 = 0.855 (corrected); n” = 1.4849. 


3.036 mg. substance: 9.915 mg. CO2 and 2.900 mg. H,O 
CiiHis. Calculated. C 89.11, H 10.89 


148.1 Found. ** 89.05, ** 10.68 
The rotation of the substance was 
+ 1.07° 


= +1.25° (homogeneous); [M]> = +1.85° 


= 


1 & 0.855 
Maximum = +9.25° 


XUM 
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THE MAXIMUM ROTATIONS OF CONFIGURATIONALLY 
RELATED CARBOXYLIC ACIDS CONTAINING A 
PHENYL OR A CYCLOHEXYL GROUP 


By P. A. LEVENE anp R. E. MARKER 
(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 
(Received for publication, April 4, 1935) 


In this communication are discussed the maximum rotations 
of acids of the types 
R 3 R 


| | 
H—C—(CH;),COOH and H—C—(CH,),COOH 


CoH; 
I II 


(where R = CH; or C2Hs, and n = 0 or an integer). 

Such values have been given in a previous communication! for 
the members having n = 0andn = 1. It was then observed that 
the members of the series with n = 0 rotate in opposite direction 
from those of the series with n = 1. The maximum rotations of 
the series with n of a value higher than 1 at that time had not been 
established. On the other hand, in the case of acids of the type 


R 
Ill 


(III) (where R = a normal aliphatic radicle) homologous series 
of acids were prepared with values for n varying from 0 to 4. It 
then seemed as if there existed a periodicity in the shifts of the 
values of rotation with the changes of the values of n. However, 


1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 100, 685 (1933). 
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the absolute values of the maximum rotations for members of all 
series (except that with n = 0) were comparatively small, so that 
the evidence for periodicity was not considered conclusive. Conse- 
quently, it was deemed desirable to prepare a series of ac‘.'3 having 
higher optical activity. These considerations led to the prepara- 
tion of the substances derived from the acids of type (I), in which 
the values for n varied from 0 to 3. 

From Tables I and IV it may be seen that there is a decided 
periodicity in the shifts of direction of rotation concomitant with 
the consecutive increases of the value of n, not only in the acids 
but likewise in the esters, carbinols, and halides derived from them. 
Thus, on passing from n = 0 ton = 1, the shift is to the left; from 
n= I1ton ='2to the right; from n = 2ton = 3 again to the left. 

In this connection it may be mentioned that in the case of acids 
of type (III), the carboxy] group of the acids with n = 0 furnish- 
ing a partial rotation of opposite sign from the carboxyl group 
owes its activity to a band located further in the ultra-violet region 
than the first band of the carboxyl group (2050 A) which is 
responsible? for the activity of the carboxyls of the acids with 
n= 1. 

From comparison of the data presented in Tables I and II an- 
other type of periodicity has been observed; namely, the one in 
the shift of the direction of rotation on passing from the acids to 
their ethyl esters. Thus, in the disubstituted acetic acids the 
shift is to the left; in the propionic acids to the right; in the butyric 
acids to the left; and in the valeric acids again to the right. 
Thus the acids of this type do not fall into the group of those which 
follow the rule of shift enunciated by Freudenberg. 

Of the acids containing a cyclohexyl group, the maximum rota- 
tions have been obtained for members of two series only; namely, 
those with n = 0Oandn = 1. It can be seen that in both series 
the direction of rotation of the higher members is of opposite sign 
from that of the first member, thus indicating that in both series the 
first and the second partial rotations of each member are of oppo- 
site direction. This fact does not, however, signify that the par- 
tial rotations of the carboxyl group in substances with n = 0 and 
those with n = 1 are of the same sign. 


2 Levene, P. A., Rothen, A., and Marker, R. E., J. Chem. Physic., 1, 
662 (1933). 
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EXPERIMENTAL 
Ethylphenylpropionic Acid CH;CH,.—CH—CH.COOH 


| 
The inactive acid was prepared from 2-phenyl-1-bromobutane 
by means of the Grignard reagent. This was resolved by quinine. 


Levo Ethyl Ester of Ethylphenylpropionic Acid 
CH;CH.,—CH—CH.COOH 


200 gm. of ethylphenylpropionic acid, [M]®> = —17.4° (in 
benzene), were dissolved in 400 cc. of absolute alcohol and 5 ce. of 
concentrated sulfuric acid added. The product was heated 1 hour 
on a steam bath, poured onto ice, and the ester extracted with ether. 
The ether solution was washed with sodium carbonate solution, 
dried, then fractionated. B.p. 105° at 1 mm. Yield 205 gm. 


—4,25° 
1 X 0.985 
Maximum [M]> = —49.8° (homogeneous) 
5.100 mg. substance: 14.190 mg. CO; and 4.025 mg. H.O 
Ci3H:s02. Calculated. C 75.7, H 8.8 
206.1 Found. ** 75.9, ‘* 8.8 


= —4,31°; [M]5 = —8.88° (homogeneous) 


= 


Levo-3-Phenylpentanol-1 CH;CH,—CH—CH.CH.OH 
| 
CoH; 


200 gm. of ethyl ester of ethylphenylpropionic acid, [M]” = 
—8.88° (homogeneous), were reduced by sodium in toluene and 
alcohol. The carbinol was purified through its phthalic ester. 
B.p. 118° at 1mm. Yield 150 gm. 


— 2.60° 
1 X 0.967 

Maximum [M], = —24.7° (homogeneous) 
5.070 mg. substance: 14.900 mg. CO, and 4.365 mg. H.O 
Calculated. C 80.4, H 9.8 
164.1 Found. ** 80.2, ** 9.6 


= —2.69°; [M]> = —4.41° (homogeneous) 


= 
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Levo-3-Phenyl-1-Bromopentane 


150 gm. of 3-phenyl-1-pentanol, [M]” = —4.41° (homogeneous), 
were cooled in ice and 250 gm. of phosphorus tribromide added. 
The product was heated on a steam bath 1 hour, then poured on 
ice. The halide was extracted with ether and purified as usual. 
B.p. 102° at 1mm. Yield 160 gm. 


—15.90° _ 
= 1.224 
Maximum [M]> = —165° (homogeneous) 
4.794 mg. substance: 10.155 mg. CO, and 2.897 mg. CO, 
Cy.HisBr. Calculated. C 58.1, H 6.7 
227.0 Found. “57.8 7.2 


—13.0°; [M]> = —29.5° (homogeneous) 


Levo-y-Phenylcaproic Acid CH;CH —CH.CH,COOH 
CoH 


A Grignard reagent was prepared from 100 gm. of 3-phenyl-1- 
bromopentane, [M]?> = —29.5° (homogeneous), and 12 gm. of 


magnesium in dry ether. This was converted into the acid by 
passing in carbon dioxide. The acid was isolated, then purified 
through its sodium salt. B.p. 156° at 4mm. Yield 51 gm. 


—0.62° 
lelb = TX 1.021 
Maximum [M]> = —6.54° (homogeneous) 
3.466 mg. substance: 9.530 mg. CO, and 2.630 mg. H.O 
Cy2H 1602. Calculated. C 75.0, H 8.4 
192.1 Found. 75.0, 8.5 


= —0.61°; (M]> = —1.17° (homogeneous) 


Levo Ethyl Ester of y-Phenylcaproic Acid 


| 
CoH; 
50 gm. of y-phenyleaproic acid, [M]” = —1.17° (homogeneous), 
were dissolved in 100 cc. of absolute alcohol with 5 cc. of con- 


centrated sulfuric acid. The product was heated 1 hour on a 
steam bath, poured on ice, and extracted with ether. The ether 
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was shaken with sodium carbonate solution, dried, then fraction- 
ated. B.p. 121° at 1mm. Yield 50 gm. 


—1.80° 
1 X 0.968 
Maximum [M]> = —22.9° (homogeneous) 
3.240 mg. substance: 9.018 mg. CO2 and 2.678 mg. H:.O 

CyusHoa9Oo. Calculated. C 76.3, H 9.2 

220.2 Found. 75.9, 9.2 


= —1.86°; [M]p = —4.09° (homogeneous) 


= 


Dextro-4-Phenylbutanol-1 


50 gm. of ethyl ester of y-phenyleaproic acid, [M]?> = —4.09° 
(homogeneous), were dissolved in 200 cc. of absolute alcohol, and 
this dropped slowly into an emulsion of 60 gm. of sodium in 300 cc. 
of boiling toluene, with stirring. The carbinol was extracted with 
ether, purified through the phthalate, then distilled. B.p. 125° 


at5mm. Yield 23 gm. 


+0.20° 
1 X 0.953 

Maximum [M]> = +2.07° (homogeneous) 
4.317 mg. substance: 12.775 mg. CO: and 3.860 mg. H:O 
C12H:s0. Calculated. C 80.8, H 10.2 
178.1 Found. ** 80.7, ‘* 10.0 


= +0.21°; (M]® = +0.37° (homogeneous) 


[e]> = 


Levo-1-Bromo-4-Phenylhexane 
CoH; 


23 gm. of 4-phenylbutanol-1, [M]” = +0.37° (homogeneous), 
were cooled in ice and 50 gm. of phosphorus tribromide slowly 
added. The product was heated 1 hour on a steam bath, poured 
on ice, and distilled. B.p. 125° at 3mm. Yield 21 gm. 


—1.62° 
= 11.198 
Maximum [M]> = —18.2° (homogeneous) 
5.251 mg. substance: 11.700 mg. CO, and 3.460 mg. H.O 
C,2Hi7Br. Calculated. C 59.7, H 7.1 
241.1 Found. 60.7, 7.4 


= —1.35°; [M]> = —3.25° (homogeneous) 
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Levo-5-Phenylheptanoic Acid 
oH, 


23 gm. of sodium were dissolved in 400 cc. of absolute alcohol 
and 160 gm. of ethyl malonate added. ‘To the warm solution were 
added, with stirring, 150 gm. of 3-phenyl-1-bromopentane, [M]? = 
—45.0° (homogeneous). This was run through the usual malonic 
synthesis, carbon dioxide was split off the substituted malonic 
acid, and the phenylated acid purified through its sodium salt. 
B.p. 161° at 1mm. Yield 95 gm. D 25/4 = 0.998. 


—2.92° 


1 X 0.998 

Maximum [M]> = —22.2° (homogeneous) 
3.700 mg. substance: 10.220 mg. COz and 2.915 mg. H:.O 
C13H1sO>. Calculated. C 75.7, H 8.8 
206.1 Found. ‘* 75.3, “ 8.8 


Levo Ethyl Ester of 5-Phenylheptanoic Acid 


| 
CoH 
95 gm. of 5-phenylheptanoic acid, [M]” = —6.04° (homogene- 
ous), were dissolved in 200 cc. of absolute alcohol with 5 cc. of 
concentrated sulfuric acid. The product was heated 1 hour on a 
steam bath, poured on ice, and extracted with ether. The ether 


solution was shaken with sodium carbonate solution, then frac- 
tionated. B.p. 135° at 1mm. Yield 96 gm. 


= —2.93°; [M]> = —6.04° (homogeneous) 


= 


= i = —1.71°; [M]> = —4.00° (homogeneous) 
Maximum [M]; = —14.7° (homogeneous) 
3.091 mg. substance: 8.669 mg. CO:2 and 2.600 mg. HO 
Ci;sH2O2. Caleulated. C 76.9, H 9.5 


234.2 Found. “76.5, 9.4 
Levo-5-P henylheptanol-1 CH 3C. H o—CH —C H oCH oC H oC H 2OH 
butt 


96 gm. of ethy] ester of 5-phenylheptanoic acid, [M]® = —4.00° 
(homogeneous), were dissolved in 200 cc. of absolute alcohol and 
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reduced by dropping into a suspension of 120 gm. of sodium in 
600 cc. of boiling toluene, with stirring. The carbinol was purified 
through its phthalate. B.p. 123° at 1mm. Yield 57 gm. 


—2.45° 
1 X 0.948 

Maximum [M], = —18.2° (homogeneous) 
4.792 mg. substance: 14.290 mg. CO, and 4.460 mg. H.O 
Ci3H2.O. Calculated. C 81.2, H 10.5 


= —2.58°; [M]5 = —4.96° (homogeneous) 


= 


192.2 Found. “31.3. 10.4 
Levo-5-Phenyl-1-Bromoheptane CH 
CoH 


50 gm. of 5-phenylheptanol-1, [M]® = —4.96° (homogeneous), 
were cooled in ice and 100 gm. of phosphorus tribromide added. 
After heating 1 hour on a steam bath, the product was poured on 
ice and purified as usual. B.p. 125° at 1mm. Yield 53 gm. 


—5.48° 
1 X 1.206. 
Maximum [M], = —42.6° (homogeneous) - 
3.611 mg. substance: 8.134 mg. CO, and 2.510 mg. H.O 
Ci;HisBr. Calculated. C 61.2, H 7.5 
255.1 Found. ‘* 61.4, “ 7.8 


Methylphenylpropionic Acid CH;—CH—CH.COOH 


This acid was prepared by means of the Grignard reagent and 
1-bromo-2-phenylpropane. The acid was resolved by means of 
quinine.! 


= —4.54°; [M]> = —11.6° (homogeneous) 


= 


Levo Ethyl Ester of Methylphenylpropionic Acid 
CH 
100 gm. of methylphenylpropionic acid, [M]” = —4.20° (homo- 
geneous), were dissolved in 250 cc. of absolute alcohol containing 
5 ec. of concentrated sulfuric acid. The product was heated 1 
hour on a steam bath, poured into water, and extracted with ether. 


The ether solution was washed with sodium carbonate solution, 
dried, then fractionated. B.p.111° at4mm. Yield 103 gm. 
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1.51° 


1 X 0.996 

Maximum [M]> = —56.9° (homogeneous) 
4.120 mg. substance: 11.260 mg. CO? and 3.040 mg. H,O 
CyHO2. Calculated. C 75.0, H 8.4 
192.1 Found. ** 74.5, “ 8.3 


Levo-3-P henylbutanol-1 C H 3—C H —C H 2CH 2OH 


100 gm. of ethyl ester of methylphenylpropionic acid, [M]? = 
—2.92° (homogeneous), were reduced by 160 gm. of sodium in 
800 cc. of boiling toluene as previously described. . The carbinol 
was purified through its phthalic ester. B.p. 117° at 8 mm. 
Yield 80 gm. é' 


—1.71° 
1 X 0.986 

Maximum [M]>5 = —54.8° (homogeneous) 
5.105 mg. substance: 15.040 mg. CO, and 4.345 mg. HO 
CioH1sO. Calculated. C 79.9, H 9.4 


= —1.52°; [M]> = —2.92° (homogeneous) 


[«]> = 


= —1.73°; [M]>h = —2.60° (homogeneous) 


= 


150.1 Found. ** 80.3, “ 9.5 
Levo-1-Bromo-3-Phenylbutane CH;—CH—CH.CH 
| 
CoH; 


80 gm. of 3-phenyl-1-butanol, [M]” = —2.60° (homogeneous), 
were brominated by means of 100 gm. of phosphorus tribromide. 
B.p. 120° at1lmm. _ Yield 80 gm. 


= = M = 
la]p 1384 3.56°; 7.58° (homogeneous) 
Maximum [M]5 = —148° (homogeneous) 


3.695 mg. substance: 7.604 mg. COz and 1.950 mg. H.O 
CioH,:;Br. Calculated. C 56.3, H 6.2 


213.0 Found. “ 56.1, “5.9 
Levo-y-Phenylvaleric Acid CH we —CH.,CH,COOH 
C.H; 


A Grignard reagent was prepared from 17 gm. of magnesium in 
dry ether and 80 gm. of 1-bromo-3-phenylbutane, [M]® = —7.58° 
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(homogeneous). This was converted into the acid by carbon 
dioxide. The acid was purified through its sodium salt. B.p. 
137° at 1 mm. Yield 37 gm. 


—1.10° 
1 X 1.040 

Maximum [M]> = —39.4° (homogeneous) 
3.460 mg. substance: 9.488 mg. CO; and 2.445 mg. H.O 
CuHyO2. Calculated. C 74.1, H 7.9 
178.1 Found. ‘** 74.8, “ 8.0 


= —1.06°; [M]> = —1.89° (homogeneous) 


= 


Levo Ethyl Ester of y-Phenylvaleric Acid 


| 
37 gm. of y-phenylvaleric acid, [M]” = —1.89° (homogeneous), 
were dissolved in 100 cc. of absolute alcohol and 4 cc. of concen- 
trated sulfuric acid. The product was heated 1 hour on a steam 
bath, poured into water, and extracted with ether. The ether 


solution was washed with sodium carbonate, dried, then frac- 
tionated. B.p.112°at1lmm. Yield 37 gm. 


—1.21° 


1 X 0.985 

Maximum [M]>5 = —52.9° (homogeneous) 
4.585 mg. substance: 12.787 mg. CO2 and 3.620 mg. HO 
Ci3H1302. Calculated. C 75.7, H 8.8 
206.1 Found. ‘** 76.0, “ 8.8 


= —1,23°; [M]> = —2.54° (homogeneous) 


= 


Levo-4-Phenylpentanol-1 CH;—CH—CH.CH.CH.OH 
| 
CoHs 


37 gm. of ethyl estér of y-phenylvaleric acid, [M]® = —2.54° 
(homogeneous), were reduced by sodium in toluene and alcohol, as 
usual. B.p. 109° at 1mm. Yield 22 gm. 


—0.87° 
1 X 0.968 
Maximum [M]5 = —30.8° (homogeneous) 
4.704 mg. substance: 13.890 mg. CO, and 4.125 mg. H:.O 
CiyH,O. Caleulated. C 80.4, H 9.8 
164.1 Found. ‘* 80.5, *f 9.8 


= —0.90°; [M]> = —1.48° (homogeneous) 


= 
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Levo-4-Phenyl-1-Bromopentane 
| 


22 gm. of 4-phenylpentanol-1, [M]” = —1.48° (homogeneous), 
were cooled in ice and 50 gm. of phosphorus tribromide poured on 
ice and the bromide worked up as usual. B.p. 125° at 15 mm. 


—0.91° 
= —0.81°; [M]> = —1.84° (homogeneous) 
Maximum [M] = —38.3° (homogeneous) 


4.216 mg. substance: 8.980 mg. CO, and 2.575 mg. HO 
C,,H;;Br. Calculated. C 58.1, H 6.7 


227.0 Found. 58.1, 6.8 
Dezxtro-Methylcycloherylacetic Acid CeHy,#—CH—COOH 
CH; 


45 gm. of methylphenylacetic acid, [M]” = +35.1° (homo- 
geneous), were dissolved in 50 ce. of glacial acetic acid and 1 gm. 
of platinum oxide added. The mixture was shaken with hydrogen 
under 3 to 4 atmospheres pressure until absorption was complete. 
Then fresh catalyst was added and shaking continued 1 day longer 

3 to insure complete reduction. The product was then filtered and 
distilled. B.p.105° at 1mm. Yield 40 gm. 
la]> = +5.2°; [M]> = +8.1° (homogeneous) 
Maximum = +25.8° (homogeneous) 


In another experiment, 20 gm. of methylphenylacetic acid, 


[a] = —32.2°, were treated the same way. B.p. 95° at 0.2 mm. 
Yield 18 gm. 
lalp = 7.14° (in dry ether) 


3.710 mg. substance: 9.415 mg. CO: and 3.390 mg. H.O 
CoHisO2. Calculated. C 69.2, H 10.3 
156.1 Found. ** 69.2, ** 10.2 


Dextro Ethyl Ester of Methylcyclohexylacetic Acid 


CH; 


40 gm. of methylcyclohexylacetic acid, [M]” = +8.1° (homo- 
geneous), were dissolved in 100 cc. of absolute alcohol and 3 cc. 
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of eoncentrated sulfuric acid added. The product was heated on 
a steam bath for 1 hour, then poured on ice, and extracted with 
ether. The ether solution was shaken with sodium carbonate 
solution, dried, and fractionated. B.p. 100° at 15 mm. Yield 
40 gm. D 25/4 = 0.938. 


+5.89° 
1 X 0.938 

Maximum [M]> = +36.9° (homogeneous) 
3.705 mg. substance: 9.723 mg. CO, and 3.665 mg. H,O 
CiuH»O2. Calculated. C 71.7, H 11.0 


= +6.28°; [M]> = +11.6° (homogeneous) 


= 


184.2 Found. “71.6, “111 
Levo-2-Cyclohexylpropanol-1 
| 
CH; 


40 gm. of ethyl ester of methylcyclohexylacetic acid, [M]® = 
+11.6° (homogeneous), were dissolved in 200 cc. of absolute alco- 
hol and slowly dropped into an emulsion of 60 gm. of sodium in 
250 cc. of boiling toluene, with stirring. When all the sodium was 
dissolved, water was added and the carbinol extracted with ether, 
fractionated, and purified through its phthalic ester. B.p. 110° 
at15mm. Yield 20gm. D 25/4 = 0.923. 


—0.36° 
1 X 0.923 
Maximum [M]> = —1.74° (homogeneous) 
3.950 mg. substance: 11.008 mg. CO2 and 4.400 mg. H,O 
: C,H;;30. Calculated. C 76.0, H 12.8 
142.1 Found. “* 76.0, ‘* 12.5 


= —0.39°; [M]> = —0.55° (homogeneous) 


= 


Dextro-2-Cyclohexyl-1-Bromopropane Cy>H 


CH; 


25 gm. of 2-cyclohexylpropanol-1, [M]”> = —0.55° (homo- 
geneous), were cooled in ice and 30 gm. of phosphorus tribromide 
slowly added. The product was heated on a steam bath 1 hour, 
- then poured on ice. The halide was extracted and purified as 
usual. B.p.110°at15mm. Yield 25gm. D 25/4 = 1.203. 


+2.23° 
1 X 1.203 
Maximum [M]5 = +12.0° (homogeneous) 


= +1.85°; [M]> = +3.8° (homogeneous) 


= 
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4.462 mg. substance: 8.574 mg. CO, and 3.430 mg. H,O 


6.244 : 5.760 AgBr 
CsHi7Br. Calculated. C 52.7, H 8.4, Br 39.0 
205.1 Found. “* 52.4, 8.6, “ 39.3 
Dextro-Methylcyclohexylpropionic Acid 


CH; 


A Grignard reagent was prepared from 23 gm. of magnesium 
and 20 gm. of 2-cyclohexyl-l-bromopropane, [M]® = +3.8° 
(homogeneous). Carbon dioxide was passed into this. It was 
then poured on ice and hydrochloric acid. The organic acid was 
extracted with ether, then purified through its sodium salt. B.p. 
145° at4mm. D 25/4 = 1.018. 


+1.49° 


1 X 1.018 
Maximum [M]> = +7.9° (homogeneous) 


= +1.46°; [M]5 = +2.5° (homogeneous) 


= 


This maximum value calculated on the above reactions, starting 
from the maximum value of methylphenylacetic acid, compares 
with a value of [M]® = +-7.8° obtained by direct catalytic reduc- 
tion of maximum methylphenylpropionic acid. Thus there was 
no racemization in the above experiments. 


3.240 mg. substance: 8.456 mg. CO, and 3.065 mg. H.O 
CioH1s02. Calculated. C 70.5, H 10.7 
170.1 Found. * 
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UNRECOGNIZED FORMS OF SULFUR IN PROTEINS 


By DORIS BLUMENTHAL anp H. T. CLARKE 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, May 2, 1935) 


Evidence is not wanting that in some proteins sulfur may exist 
in forms other than cystine, cysteine, and methionine. It has 
been suggested (1) that part of the non-cystine sulfur in zein may 
be present as thiolhistidine, and positive tests for thiolglyoxaline 
have been obtained in fractions of hydrolyzed egg white (2). 
Values for alkali-labile sulfur higher than those corresponding to 
cystine content have been reported (2, 3), hydrolyzed casein has 
yielded a fraction from which sulfur in elemental form is readily 
split off (4), and the formation of hydrogen sulfide by the action of 
hydriodic or hydrochloric acid on wool has been observed (5). 

It has now been found that some proteins yield appreciable 
quantities of sulfuric acid on treatment in the cold with bromine! 
in water, dilute hydrochloric acid, or aqueous acetic acid, and 
that this property persists after hydrolysis. 

In order to assist in the interpretation of information so secured, 
the behavior of a variety of organic sulfur compounds towards 
bromine has been tested (see Table I). Earlier workers have 
shown that sulfuric acid is formed by the action of bromine water 
upon thiourea (8) and that the sulfur is detached from compounds 
of the thioamide type by -iodine (9) or bromine (10, 11). Of 
particular interest is the observation that ergothioneine readily 
yields sulfuric acid on treatment with bromine water (12), a 
property presumably shared by other thiolglyoxalines? (13). 


1 In an article published during the progress of this investigation vom 
Hofe (6) mentions the formation of sulfate by the action of bromine water 
upon wool. Mease (7) has recently referred to the formation of sulfate in 
wool on prolonged exposure to light. 

2 Thiolhistidine also gives sulfate on treatment with bromine water, 
according to Professor du Vigneaud (personal communication) who is 
employing this method to test the presence of thiolglyoxaline in insulin. 
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Experiments here reported indicate that bromine water gives rise 
to sulfate from compounds containing sulfur either linked to 
carbon by a double bond or in the form of sulfhydryl linked to a 
carbon atom to which a nitrogen or oxygen atom is attached. No 
sulfuric acid is formed from simple aliphatic mercaptans or sul- 
fides, thiophenol, thioglycolic acid, cystine,? or methionine, from 
which stable sulfonic acids or sulfones are produced; rhodanine 
(CzH;O0NS8,), as might be predicted, yields only one-half of its 
sulfur as sulfate. 


TABLE I 
Sulfur Labilized by Plumbite and by Bromine 
Per cent total S obtained as 
Substance 

PbS H2SO, 
Cystine (reduced).............. 100 0 
Glutathione.................... 95 0 
Thioglycolic acid............... 92 (3 days) 0 
Benzyl mercaptan.............. 2@edi* 44-66 (Slow) 
Thiobenzophenone............. 95 85 
Thioacetamide................. 100 98 
Thioacetanilide................ 100 96 
Thiocarbanilide................ 100 99 
Ammonium thiocyanate........ Trace (3 days) 99 
Ergothioneine.................. 97 (28 ‘ 99 
Potassium ethylxanthate....... 98 100 
Carbon disulfide............... 95 80 (Very slow) 


An apparent exception is afforded by benzyl mercaptan, from 
which bromine water liberates sulfuric acid in amounts varying 
with the conditions; this accords with the observation (15) that 
benzyl sulfide reacts with bromine to form benzyl bromide and 
sulfur bromide. This detachment of sulfur from the benzyl 
group is not surprising in view of the high reactivity of other 
benzyl derivatives. Similarly, benzyl mercaptan slowly yields 
lead sulfide when heated with alkaline plumbite; the same occurs, 


3’ Although cystine yields only cysteic acid on oxidation by bromine 
water, its partial conversion to sulfate by the action of ferric chloride has 
recently been reported (14). 
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though even more slowly, with thioglycolic acid, which also 
contains a polar group attached to the same carbon atom as the 
sulfur. In general, it appears that compounds containing bivalent 
sulfur which yield sulfate on treatment with bromine also yield 
lead sulfide on heating with plumbite. The relative degrees of 
lability do not always run parallel; thus ergothioneine and sodium 
thiocyanate, which rapidly give quantitative yields of sulfate on 
treatment with bromine water, respond exceedingly slowly to the 
alkaline reagent. Conversely, carbon disulfide, which readily 
gives up all of its sulfur as lead sulfide, is converted into sulfate 
only on long exposure to bromine and water, and then not quanti- 
tatively (16). 


TABLE II 
Sulfate Formed with Nitric Acid 
Amounts taken Oyati ne Sulfate 8, Sulf ate 8, 
Cystine | Methionine | Gelatin foun 

mg. mg. gm. Ars. mg. mg. mg. 
19.7 0 0 24 5.26 4.94 5.26 
17.7 0 0 36 4.72 4.67 4.72 
0 20 0 36 0 0.13 

0 20 0 48 0 0.38 

0 0 1 36 0.70 
10.6 20 0 36 2.83 2.96 2.95 
21.2 20 0 36 5.65 5.89 5.78 
17.7 20 0 48 4.72 6.14 5.10 
11.3 0 1 36 3.01 3.62 3.71 
11.3 20 1 36 3.01 3.76 3.83 


During a search for more direct methods than those available 
(cf. 17) for the differentiation of the forms of sulfur in proteins, it 
was found that cystine can be completely oxidized to sulfate by 
boiling with fuming nitric acid (18) under conditions in which 
synthetic methionine yields only small amounts of sulfuric acid.’ 
A period of 36 hours of boiling under a reflux was found (Table IT) 


4 The detachment of sulfur by the action of alkali upon ergothioneine 
takes place so slowly that it was stated by previous investigators (12) not 


to occur. 
* The isolation of methanesulfonic acid from the products of the action of 
nitric acid on proteins (18) is an indication of the fate of methionine under 


these conditions. 
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to bring about the result with a maximum compensation of errors. 
This process, which in some instances furnishes values significantly 
higher than those obtained by treatment with alkaline plumbite, 
is simple and applicable either to proteins or to hydrolysates. 

In Table ITI are summarized the results obtained by the applica- 
tion of the above methods to a series of proteins. In all cases, 
blank values for sulfate initially present in the materials under 
examination were deducted in computing the corrected figures. 

The results reflect the presence of methionine in all the proteins 
examined except the keratins. In the latter, all of the sulfur is 
labile to alkaline plumbite and yields sulfate with nitric acid, but 


TABLE III 
Analytical Values for Sulfur in Proteins 


Total S SulfateS | sulfates | s 
per cent per cent per cent per cent per cent 
es 0.20 0.06 0.01 0.03 0.03 
1.10 0.99 0.00 0.04 0.02 
Blood albumin........... 1.10 0.07 0.05 0.83 0.62 
Lactalbumin............. 1.22 0.00 0.02 0.81 0.65 
Egg white............... 1.60 0.03 0.04 0.68 0.43 
0.52 0.16 0.02 0.25 0.22 
3.60 0.09 0.26 3.51 3.59 
* Kind and Knox Super XX. 


t Bacto-Gelatine (Difco). 


as about 7 per cent of it is convertible to sulfate by the action of 
bromine water, it cannot be present exclusively in the form of 
cystine. This finding is at variance with conclusions drawn from 
colorimetric determinations (19), but to an extent not greatly in 
excess of the limits of error of such methods. The fact that the 
sulfate values obtained with bromine on the original wool coincide 
with those observed with the hydrolysate militates against the 
idea that the effect is due to artifacts. 

Lower values for bromine-oxidizable sulfur are given by the 
albumins, even when expressed as percentages of the sulfur 
oxidizable by nitric acid. On the other hand, in these proteins a 
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considerably higher proportion of the sulfur responds to nitric 
acid than to alkaline plumbite. The sulfur corresponding to this 
difference is probably only partially ascribable to decomposition of 
methionine, as it amounts to over 5 times the proportion of sulfate 
formed from synthetic methionine by nitric acid under the same 
conditions; it cannot be attributed to a form represented by the 
bromine-oxidizable variety in wool, in which all of the sulfur is 
labile to alkali; nor can it, even in the most favorable case, that of 
blood albumin, be present as a thiolglyoxaline to an extent greater 
than one-quarter. Speculation astoits nature would be premature. 


EXPERIMENTAL 


Alkali-Labile Sulfur—In this investigation, the method pre- 
viously described (2) was employed in a modified form: a sample 
(5 ec.) of the solution (e.g. protein hydrolysate) to be tested, con- 
taining 0.5 to 1 mg. of labile sulfur, was pipetted into a glass tube. 
An excess (4 to 6 times the amount theoretically necessary to 
reduce the disulfide present) of zinc filings and 1 cc. of normal 
hydrochloric acid were added, and the mixture warmed on the 
water bath until all the zinc had dissolved. Then 0.2 cc. of 10 
per cent lead acetate solution was added, followed by 2 cc. of 20 
per cent sodium hydroxide, run to the bottom of the tube by means 
of a capillary pipette. The tube was then sealed, the contents 
mixed, and the whole heated in a steam bath at 90-95°. After 
24 hours (or longer in the case of slow reactions) the tube was 
centrifuged and opened. The supernatant liquor was removed by 
capillary pipette, and heated again in a sealed tube when incom- 
plete reaction was suspected. The lead sulfide was washed twice 
with 1 per cent sodium hydroxide and treated as in the original 
procedure (2), care being taken to avoid the inclusion of silica, 
etc., by evaporating the oxidized mixture to dryness, dissolving 
in 0.1 N HCl, and filtering or centrifuging before adding the 
barium chloride. 

In the experiments with pure organic compounds other than 
disulfides the preliminary reduction with zine was omitted. In 
the case of benzyl mercaptan the water was replaced by 50 per 
cent alcohol, whereby the precipitation of lead benzylmercaptide 
was prevented. Alcohol was also employed for the decomposition 
of thiobenzophenone and of carbon disulfide. Ammonium 
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thiocyanate, when treated by the standard procedure, gave a 
visible precipitate of lead sulfide only after 3 days, but when a 0.2 M 
solution of thiocyanate in 14 mM sodium hydroxide containing lead 
oxide was boiled over a free flame, a 12 per cent yield of lead 
sulfide was obtained in 20 minutes. 

Bromine Treatment—Weighed quantities of the substance to be 
treated, containing 0.5 to 2.0 mg. of oxidizable sulfur, were dis- 
solved in 5 cc. of water, 50 per cent aqueous acetic acid, or dilute 
hydrochloric acid in a small beaker or centrifuge tube. Bromine 
vapor was then added by aspiration until an excess was per- 
manently present. The mixture was allowed to stand at room 
temperature for an hour, or until any precipitated sulfur had 
completely redissolved; the clear solution was then treated with 
barium chloride and warmed on the water bath. The barium 
sulfate was collected and weighed. 

Proteins were tested by hydrolyzing with 50 per cent formic 
acid, containing 2 equivalents of HCl for each equivalent of 
nitrogen, at boiling temperature for 16 hours. The solution was 
evaporated to dryness under reduced pressure; the residue was 
dissolved in 0.1 N HCl and treated with bromine vapor as above. 
In most cases it was necessary to filter the solution before adding 
barium chloride. Wool when treated as such with bromine water 
yielded the same proportion of sulfate as it did after hydrolysis; 
this treatment also abolished the response to plumbite. 

Nitric Acid Treatment—The substances to be tested, containing 
1 to3 mg. of sulfur, were mixed with 8 cc. of fuming nitric acid and 
gently boiled in an all-glass apparatus for 36 hours. The resulting 
solution was mixed with 50 to 100 mg. of potassium nitrate and 
evaporated to dryness on the steam bath. The residue was 
treated with a few cc. of concentrated HCl and again taken to 
dryness, in order to remove the bulk of the nitrates. Sulfate was 
estimated in the regular way; the values from blank determinations 
on the reagents alone were deducted from the result. 

Hydrolysates were evaporated to dryness and the residues 
treated in the same way. : 


SUMMARY 


Proteins appear to contain, besides cystine and methionine, at 
least two other sulfur-bearing constituents. One of these yields 
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sulfate on treatment with bromine water and sulfide with alkaline 
plumbite; the other yields sulfate on boiling with nitric acid, but 
fails to respond to plumbite. Methods have been developed for 
the analytical assay of these types. 
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THE DETERMINATION OF THYROXINE IN THYROID 
SUBSTANCE 
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(From the Johnston Livingston Fund for Experimental Biochemistry, 
Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, May 7, 1935) 


In the chemical determination of thyroxine in thyroid sub- 
stance as hitherto proposed, it is essential first to hydrolyze the 
material and then to separate the hydrolysate into a thyroxine and 
a non-thyroxine-containing fraction. An analysis of either frac- 
tion for its iodine content will finally give the thyroxine value of 
the original material. Granted a satisfactory method for the 
determination of iodine, an investigation of the problem of thy- 
roxine determination resolves itself into a study of each of the two 
preliminary phases of the procedure as above stated. According 
to Leland and Foster (1) the process of hydrolysis is best accom- 
plished by boiling the desiccated gland substance with 2 n NaOH 
for 18 hours. The liberated thyroxine is then extracted from the 
alkaline solution by means of butyl alcohol. An accuracy of about 
83 per cent was claimed for the procedure, since crystalline thy- 
roxine added to thyroid material or casein and then boiled could 
be recovered to this extent. The writer (2) has modified the 
extraction procedure of Léland and Foster so that it may be carried 
out more conveniently in an acid solution. It has also been shown 
that the modified procedure may yield values for thyroxine in 
thyroid substance, which are from 10 to 20 per cent higher than 
those obtained by the original Leland and Foster method. How- 
ever, of crystalline thyroxine which had been boiled for 18 hours 
with dried and defatted beef muscle in 2 N NaOH, only about 85 
per cent could be extracted from the acidified solution. Since 
the thyroxine contained in a pure solution or that added to a cold 
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alkaline solution of the hydrolytic products of protein can be ex- 
tracted quantitatively by either procedure, it follows that the chief 
fault of the Leland and Foster technique lies in the method of 
hydrolysis employed. 

That some destruction of thyroxine occurs as a result of boiling 
with strong alkali is almost certain, as shown by the work of 
Leland and Foster. An effort was therefore made to find condi- 
tions for the hydrolysis of thyroid substance which would avoid the 
decomposition of thyroxine as far as possible. Various hydrolytic 
agents were used. Thyroxine in each hydrolyzed sample was 
extracted by means of butyl alcohol, with the procedure of Leland 
and Foster and of the author. In one series of experiments the 
results by the two procedures were also compared with the thy- 
roxine values obtained after adjusting the acidity of a portion of 
the thyroid solution to pH 5 and determining the acid-soluble 
iodine in the clear filtrate. 

In this paper an account will be given of the work done with 
sodium hydroxide and with barium hydroxide as hydrolytic agents 
for thyroid material. 

Hydrolysis of Thyroid Substance with Sodium Hydroxide—1.25 
gm. portions of thyroid powder (of fresh thyroid tissue, 4 to 5 
times this weight was taken) were boiled with 100 cc. of 2N NaOH 
for varying lengths of time. The boiling was stopped at 4 hour 
intervals and thyroxine determinations were made on aliquots of 
the solution diluted to a given volume with 2 N NaOH. The re- 
sults in Table I, taken from a larger series of experiments, show 
consistently higher thyroxine values obtained by extraction with 
butyl alcohol of an acidified solution. This is in agreement with 
previous findings (2). It may be noted, in addition, that in the 
parallel figures for thyroxine obtained by the acid and by the 
alkaline extraction methods, respectively, the greatest discrep- 
ancies occur during the early stages of hydrolysis. This would 
seem to indicate that in order to extract thyroxine from an acidified 
solution of thyroid substance it is not necessary to break down the 
thyroid protein as completely as is apparently required for the 
Leland and Foster procedure. Practically maximum amounts of 
thyroxine were extracted with butyl alcohol from the acidified 
solutions of the three thyroid preparations listed in Table I after 
only 8 hours of hydrolysis with 2N NaOH. This is an important 
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factor not merely from the standpoint of time saving, but in view 
of the destructive effect of boiling alkali upon thyroxine, also from 
the standpoint of the accuracy of the determination. The im- 
provement in this regard, as shown by the recovery of added 
thyroxine, was, however, not significant. Nearly as much thy- 
roxine iodine was lost after 8 hours boiling with protein material 
in 2 N NaOH as after 18 hours, the average loss in a series of ex- 
pertments amounting to about 15 per cent of the iodine taken. It 
was therefore decided to try some other alkali for setting free 
thyroxine from its combination in the gland. 


TABLE 
Comparative Yields of Thyroxine Extracted with Butyl Alcohol from Alkaline 
and from Acid Solutions of Thyroid after Varying Periods of Hydrolysis 
with 2 n NaOH 


Thyroxine Iz as per cent of total I: 


Desi ted pig th id: F h pig th . : to I : Fresh pathol ical human 
Seed 

uthors an Rati uthors an Rati uthor 8 an Rati 

mathod | Foster's | (5)/(a) | method | Foster’s | | | Foster's | 

(a) (b) (a) | (6) (a) | 

hrs. 

4 23.4 | 17.3 | 74.0 | 28.5 | 21.6 | 75.7} 11.4 8.2 | 72.0 
8 25.7 | 18.6 | 72.3 | 32.7 | 26.2 | 80.0} 12.4 | 10.2 | 82.3 
12 25.9 | 21.3 | 82.3 | 32.2 | 26.7 | 83.0} 11.9 | 10.2 | 85.7 
16 | 24.0 | 21.1 | 88.0] 31.3 | 26.2 | 83.0] 12.1 | 11.1 | 92.5 
20 23.5 | 20.1 | 85.6 | 27.5 | 25.2 | 91.6] 12.1 | 11.1 | 92.5 


Hydrolysis of Thyroid Substance with Barium Hydroxide—Har- 
ington (3) has successfully employed barium hydroxide in a 10 
per cent solution as a hydrolytic agent in connection with the 
isolation of thyroxine from desiccated thyroid. The high yield 
of crystalline material which he obtained led him to believe that 
thyroxine was more stable in a solution of barium hydroxide than 
in sodium hydroxide. Using barium hydroxide for the hydrolysis 
of the gland substance in conjunction with butyl alcohol extrac- 
tion, we have found that thyroxine determinations in such hydrol- 
ysates could be made more conveniently than in sodium hydrox- 
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ide solutions of the gland. The period of hydrolysis could be 
shortened to 6 hours and the yield of thyroxine was as a rule 
greater by several per cent than that obtained by the Leland and 
Foster method. Preliminary experiments showed that the best 
results were obtained with 8 per cent Ba(OH)2-8H20 in the ratio 
of 50 cc. of the solution to 1.0 gm. of desiccated thyroid, or 5.0 gm. 
of fresh thyroid tissue. In order to minimize as far as possible the 
_ formation of an iodine-containing precipitate of insoluble barium 
salts, the warm solution at the end of the period of hydrolysis was 
diluted with water and 5 cc. of 10 per cent HCl to twice its original 
volume. An aliquot of the still alkaline solution was acidified with 
1:1 HCl to pH 3.5 to 4 and extracted with butyl alcohol as will 
be described. 

Distribution Ratios of Thyroxine, Ditodotyrosine, and Potasstum 
Iodide between Butyl Alcohol and Acid Barium Chloride Solution— 
Dried and defatted beef muscle or testicular powder was boiled 
for 6 hours with barium hydroxide in the proportion of 1.0 gm. of 
substance to 4 gm. of the alkali in 50 cc. of water. Weighed 
amounts of thyroxine, diiodotyrosine, and potassium iodide were 
dissolved in this in varying concentrations. Measured volumes of 
these solutions were transferred to separatory funnels and diluted 
with an equal volume of water. A few drops of brom-cresol green 
indicator were added and the solution was titrated with 1:1 HCl 
to a pH of 3.5 to 4.0. The acid solution was shaken with an equal 
volume of butyl alcohol and allowed to stand for from 60 to 
90 minutes. After separation of the two immiscible layers, their 
respective iodine contents were determined by the method of 
Kendall. 

The distribution ratios between butyl alcohol and acid for thy- 
roxine and diiodotyrosine were found to be substantially the same 
as we had previously reported in connection with 2 N NaOH solu- 
tions of these substances acidified with H2SO,, namely 99.4:0.6 
and 77.8:22.2 respectively. In contrast to our previous findings, 
however, for inorganic iodine the distribution ratio of 11.5:88.5 
favors significantly the aqueous phase. We have also redeter- 
mined the distribution ratios of the three iodine compounds be- 
tween butyl alcohol and the washing solution consisting of 4 N 
NaOH containing 5 per cent NazCO;. These have been found 
to be almost identical with the values previously reported. 
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Relative Effectiveness of Barium Hydroxide and Sodium Hydror- 
ide As Hydrolytic Agents for Thyroid Substance—Equal weights 
of a uniform batch of desiccated thyroid were hydrolyzed re- 
spectively with 8 per cent Ba(OH)2-8H:20 and 0.5 n NaOH (1 
gm. of substance to 50 cc. of alkali) for varying lengths of time. 
The course of hydrolysis, as shown in a representative experiment 
in Fig. 1, was followed by means of amino acid nitrogen determina- 


CN 


AN 


2/0 


Fic. 1. Showing comparison of progress of hydrolysis of desiccated 
thyroid gland boiled respectively with 0.5 Nn NaOH (50 cc. to 1.0 gm. of dry 
substance), with 8 per cent Ba(OH).2-8H20 (50 cc. of 1.0 gm. of dry sub- 
stance), and with 2 n NaOH (100 cc. to 1.25 gm. of dry substance). The 
abscissa represents time of hydrolysis in hours; the ordinate, thyroxine 
iodine as per cent of total iodine and per cent of amino acid nitrogen set 
free. Curve AT represents thyroxine iodine in 0.5 Nn NaOH hydrolysates; 
Curve BT, thyroxine iodine in 8 per cent Ba(OH): hydrolysates; Curve CT, 
thyroxine iodine in 2 Nn NaOH hydrolysates; Curve AN, amino acid nitrogen 
in 0.5 n NaOH hydrolysates; Curve BN, amino acid nitrogen in 8 per cent 
Ba(OH),. hydrolysates; Curve CN, amino acid nitrogen in 2 n NaOH 
hydrolysates. 


tions and of estimations of the amounts of thyroxine that could 
be extracted from the acidified solutions. With either criterion, 
it may be seen that barium hydroxide produces a more rapid rate 
of hydrolysis than an equivalent concentration of sodium hydrox- 
ide. It is especially noteworthy, however, that boiling with 
barium hydroxide renders the thyroxine iodine of the gland much 
more readily extractable than similar treatment with sodium hy- 
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droxide. This apparently occurs independently of the amount of 
amino acid nitrogen set free and brings out the interesting fact 
that there is no definite relationship between the degree of protein 
breakdown, as indicated by amino acid nitrogen estimations, and 
the amount of thyroxine which may be found in the butyl! alcohol 
extracts of the hydrolysates. 

While there could thus be but little doubt of the upeeien ef- 
fectiveness of Ba(OH), to liberate thyroxine from its combination 
in the gland, the question was further studied by comparison of 
the yields of iodine in the thyroxine fractions of barium hydroxide 
hydrolysates, as determined by the method to be described, with 


TABLE II 


Comparative Stability of Thyroxine (Approximately 1.0 Mg.) in Boiling 8 
Per Cent Barium Hydroxide (50 Cc.) and in Boiling 2 n NaOH (125 Cc.) 


Time of boiling, 6 hours. 


Barium hydroxide 2n NaOH 
Thyroxine I: from thyroxine | Thyroxine I: from thyroxine | Thyroxine I: from thyroxine 
and diiodotyrosine (1:4) alon alone 
Taken Recovered Taken Recovered Taken Recovered 
mg. per cent mg. per cent mg. per cent 
1.31 100.0 2.620 97.5 0.655 91.0 
0.655 98 .0 0.655 96.0 0.655 89.5 
1.31 99.5 2.620 96.7 0.655 89.5 
0.655 97.5 0.655 90.7 
0.655 96.3 | 


those obtained in the same gland material after varying periods of 
hydrolysis with 2 N NaOH. Fig. 1 shows that despite the some- 
what more rapid liberation of amino acid nitrogen by 2 n NaOH, 
in this medium, boiling for at least 16 hours is required in order to 
reach a maximum yield of thyroxine, which at best only approxi- 
mates that found in the 8 per cent Ba(OH). solution that has been 
boiled for 4 hours only. 

Stability of Thyroxine Boiled in 8 Per Cent Barium Hydroxide for 
6 Hours—In the results of the preceding experiment it may be 
noted that boiling the gland material with barium hydroxide for 
more than twice the length of time required for a maximum yield of 
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thyroxine does not cause a loss of iodine in this fraction. Our own 
work and that of Leland and Foster seem to indicate that this is 
not true of 2 N NaOH hydrolysates. The difference, as may be 
seen from the results in Table II, lies in the greater stability of 
thyroxine in boiling barium hydroxide. The largest loss from this 
source is only 4 per cent and is not very significant. In contrast 
to this the recoveries of thyroxine boiled in 2 N NaOH for 6 hours 
are lower by several per cent. 

Recovery of Crystalline Thyroxine Botled with Protein Substance 
in 8 Per Cent Barium Hydroxide—Kendall (4) has stated that 
pure thyroxine is slowly altered chemically while it is boiled in a 
solution of gelatin, amino acids, or gum acacia with 5 per cent 
sodium hydroxide. Leland and Foster (1) reported a loss of 19 
per cent when thyroxine was added to casein and then boiled for 
18 hours. The effect of boiling barium hydroxide in the presence 
of protein material was therefore studied in a large series of ex- 
periments. After a period of hydrolysis of 6 hours the solutions 
were subjected to the extraction procedure to be described. As 
shown in Table III, with the proteins from three different sources, 
a loss of about 10 per cent is sustained in the amount of thyroxine 
iodine taken. While it is not altogether certain that a like loss of 
the bound thyroxine occurs when thyroid substance is subjected 
to hydrolysis with barium hydroxide, the values for the recoveries 
of added thyroxine (Table III) together with the data in Table 
II and in Fig. 1 would seem to suggest that the loss in native thy- 
roxine is no greater, but probably less than that shown in the 
present series. | 

Determination of Thyroxine—Place in a 300 cc. Erlenmeyer 
flask 1.0 gm. of desiccated thyroid (or 4 to 5 gm. of fresh thyroid 
tissue), 4 gm. of Ba(OH).2-8H:20, and 50 ce. of hot distilled water. 
Shake, and if necessary heat gently to dissolve the barium salt. 
Add 2 cc. of butyl alcohol to prevent foaming and to promote 
smoother boiling. Connect the flask to a reflux condenser and 
heat to gentle boiling over a sand bath, or preferably in a hot 
water or steam bath, for 6 hours. Cool somewhat and pour the 
warm solution with as much of the precipitate it contains as pos- 
sible into a 100 cc. volumetric flask. Rinse the Erlenmeyer flask 
with two successive portions of 5 cc. of distilled water, adding each 
to the main bulk of the hydrolysate. Wash down the sides of 
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the flask with 5 cc. of 10 per cent HCl and shake well. Add 2 
ec. of butyl alcohol and continue shaking until all of the precipitate 
adhering to the sides of the flask will be inthe solution. This will 
occur readily and completely with the procedure outlined. Add 
the acid water-butyl alcohol mixture to the contents of the vol- 


TABLE III 


Recovery of Thyroxine Boiled for 6 Hours with 8 Per Cent Barium Hydroxide 
Solution in Presence of Protein Material (1.0 Gm. of Dry Substance to 
50 Cc. of Ba(OH), Solution) 


Thyroxine I; taken Protein substance added Thyroxine I; recovered 

mg per cent 
0.530 Powdered beef muscle 89.0 
0 968 92 3 
0 376 sé 90 5 
0.850 Testicular powder 92.7 
0.886 89.0 
0.760 93 .0 
0.813 = 87.5 
1.113 91.0 
1.654* 95.3 
0 .979* 99.0 
0.653 * 97.2 
0.979* 95.0 
0.96 Thyroglobulin 94.8 
1.28 Desiccated pig thyroid 87.5 
0.416 91.0 
0.653 Fresh human gland 97 .0 
0.653 97 .0 


* Boiled with added diiodotyrosine. 


umetric flask and fill the latter to the mark with distilled water 
washings of the flask used in the process of hydrolysis. The 
hydrolysate now consists of an alkaline solution containing a fine 
flocculent precipitate. Stopper the flask and shake well to obtain 
a uniform suspension of the solid particles and remove aliquots for 
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the determination of total iodine and thyroxine iodine. 20 to 
25 cc. will usually serve for the former.! 

For the determination of thyroxine pipette 50 to 75 cc. of the 
hydrolysate into a 250 cc. separatory funnel, add 0.5 cc. of brom- 
cresol green indicator, and titrate the solution with 1:1 HCl toa 
yellow color. With brom-phenol blue as an outside indicator, ad- 
just the pH to between 3.5 and 4.0. Shake the solution in the 
funnel with an equal volume of butyl alcohol. After allowing it 
to stand 1 to 2 hours or longer,” draw off the aqueous layer as well 
as possible without removing much of any of the precipitate or 
scum which may be present at the bottom of the butyl alcohol. 
To the latter, remaining in the funnel, add an equal volume of 
4 N NaOH containing 5 per cent anhydrous sodium carbonate.’ 
Shake well and allow to stand for 1 hour or longer until the layers 
are well separated. Draw off the alkaline layer, leaving any 
precipitate in the funnel with the butyl alcohol. Shake the latter 
with a volume of 4 N NaOH containing 5 per cent Na2CO;'* equal 
to that of one-half the volume of the butyl alcohol taken. Let 
stand an hour or longer. Draw off the washing fluid with as much 
of the precipitate as possible, taking care to avoid any loss of 
butyl alcohol. Occasionally, especially in the case of fresh 
thyroid tissue, there is at this stage a heavy precipitate in the 
upper stratum of the aqueous phase and a more accurate separa- 
tion may be effected by allowing the latter to run into a centrifuge 


1 We have found the bulky precipitate of barium salts following alkaline 
fusion to interfere with the accurate determination of iodine. This precipi- 
tate could be removed most conveniently in the form of sulfate as follows: 
The melt in the crucible was dissolved with hot water and the solution and 
precipitate of barium carbonate transferred quantitatively to a 500 cc. 
Erlenmeyer flask. After cooling, methyl orange indicator and 5 cc. of 20 
per cent NaHSO; were added and the solution made distinctly acid with a 
volume of 1:1 sulfuric acid, 0.5 cc. in excess of that required to reach the 
turning point of the indicator. The solution was filtered hot through No. 5 
Whatman filter paper and the precipitate washed well with hot water. The 
remainder of the procedure was carried out as described by Kendall, except 
that no phosphoric acid was used. 

2 This is a convenient stage at which to interrupt the procedure at the 
end of the day, as the acid aqueous layer and the butyl alcohol may be 
allowed to remain in contact overnight. 

*A 20 per cent solution of technical sodium hydroxide may be sub- 
stituted. 
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tube with a small amount of the butyl alcohol layer and centrifug- 
ing. Having removed the washing fluid as nearly as possible, the 
butyl alcohol is distilled at reduced pressure and the residue trans- 
ferred to a nickel crucible for the determination of its iodine 
content. 

In order to check the accuracy of the extraction procedure, 
known mixtures of thyroxine with diiodotyrosine were analyzed 
according to the directions given above. With concentrations 
corresponding to those likely to be encountered in the analysis of 
thyroid material the recoveries for thyroxine iodine, as shown in 


TaBLeE IV 
Recovery of Thyroxine from Mixtures of Thyroxine and Diiodotyrosine Dis- 
solved in 8 Per Cent Ba(OH)2 Hydrolysate of Testicular Powder 


D Thyroxine I; taken |Thyroxine I: recovered 
thyroxine Iz 
mg. mg. per cent 
1.10 0.0 Trace 
1.10 17:1 0.065 105.0 
0.55 17:1 0.0323 98.0 
0.55 17:1 0.0323 95.0 
4.41 4.6:1 0.955 99.5 
2.65 3.3:1 0.812 102.0 
1.45 3.7:1 0.390 99.7 
2.32 6.0:1 0.390 99.8 
1.80 Lik 1.019 99.8 
0.0 0.382 98.0 


Table IV, average close to 100 per cent. The effect of inorganic 
iodine seemed invariably too small to be measured. 

Comparison with Method of Leland and Foster and with Separation 
of Thyroxine by Acid Prectpitation—The figures in Table V were 
taken at random from a large series of analyses carried out over a 
period of more than a year. The material from human subjects 
consisted of goitrous glands removed after the usual preoperative 
regimen of iodine administration. The hydrolysis with 2 Nn NaOH 
was accomplished as directed by Leland and Foster. Acid precipi- 
tation was carried out in a volumetric flask at pH 4.5 to 5.0 and 
the thyroxine content calculated from the determination of the 
acid-soluble iodine in the clear filtrate, as suggested by Harington 
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and Randall (5). The values obtained in the latter procedure are 
roughly 35 per cent higher than those found by the method of ex- 
traction with butyl alcohol. 

Comparing the figures obtained in the barium hydroxide hy- 
drolysates, one finds somewhat higher thyroxine values by the 
proposed method (5 to 10 per cent) than by the author’s extraction 
procedure of 2 N NaOH solutions. This is in agreement with the 
finding that the use of barium hydroxide, as herein recommended, 


TABLE V 


Comparison of Thyroxine Values after Ba(OH), Hydrolysis with Those 
Obtained in 2 nN NaOH Hydrolysates of Thyroid Substance 


Thyroxine I: as per cent of total I: by dif- 
ferent methods of separating thyroxine I: 
2N NaOH hydrolysate |B (Os hydrol 
N a 
Matra 

mg 

Pig thyroglobulin............... 8.05 | 27.2 | 31.3 | 41.8 | 31.9 | 31.5 
Desiccated pig thyroid.......... 3.45 | 28.2 | 30.4 | 43.8 | 31.2 | 33.4 
Commercial thyroid powder.... . 3.05 28.01) 27.6 
2.2 23.6 | 26.4 | 33.8 | 27.7 | 30.8 
Fresh pig thyroid............... 0.695 | 24.8 | 28.5 | 35.1 | 31.8 | 30.9 
0.615 | 25.2 | 29.5 | 41.5 | 29.8 | 32.4 
Desiccated human thyroid....... 1.41 | 13.9 | 16.8 | 24.2 | 19.2 | 19.8 
Fresh human thyroid............ 0.59 | 24.6 | 27.4 | 37.6 | 28.8 | 30.8 
0.895 | 17.6 | 20.9 | 24.8 | 24.8 | 24.1 
0.735 | 18.4 | 20.4 | 25.1 | 23.9 | 25.7 
0.488 | 20.8 | 25.4 | 31.2 | 25.7 | 23.7 
1.47 | 24.2 | 28.4 | 36.6 | 29.8 | 32.9 


is less destructive of thyroxine than 18 hours boiling with 2 Nn 
NaOH. Of equally great interest is the relatively close agreement 
between the figures obtained by the two procedures applied to the 
separation of thyroxine from the barium hydroxide hydrolysates. 
Adjusting the acidity of these solutions to a pH of 4.5 to 5.0 results 
in yields of thyroxine differing from those after butyl alcohol ex- 
traction by only about 10 per cent. More often the discrepancy 
is much smaller. Great caution, however, is required in carrying 
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out the procedure of thyroxine analysis by acid precipitation. For 
this reason agreement between duplicates is difficult of attainment. 
The pH of the acidified solution must not be allowed to vary be- 
yond a restricted range; and since the final thyroxine figure de- 
pends upon the often small difference between two iodine values, 
the determination of these, under the best of conditions subject to 
an error of about 3 per cent, must be executed with extreme care. 
Analyses of known mixtures of thyroxine and diiodotyrosine have 
shown that for accurate and readily reproducible results extraction 
of barium hydroxide hydrolysates with butyl alcohol is to be 
preferred. 

On the other hand, the partition of iodine by means of acid 
precipitation has, because of its simplicity, much to recommend it 
where no very great precision is required, as for example, in the 
chemical assay of commercial thyroid preparations. A number of 
papers dealing with this important subject have been published 
during the last few years (6-9). The trend, as expressed by the 
workers in this field, seems to be first, to ascribe greater importance 
to thyroxine content than to total iodine concentration as an index 
of therapeutic effectiveness, and second to favor the acid precipi- 
tation method as a more reliable means of standardization. For 
the latter, the procedure involving hydrolysis with sodium hydrox- 
ide, as described by Harington and Randall (5), has been used. 
That there are marked discrepancies between the results of this 
method and those obtained by the Leland and Foster procedure 
has been amply demonstrated. Applying the method of acid 
precipitation to hydrolysates with barium hydroxides of com- 
mercial.thyroid powder, we have found that, observing the pre- 
cautions already mentioned, it is possible to obtain results which 
check closely those found after butyl alcohol extraction of the 
same solution. Neither procedure, however, gave consistent re- 
sults with thyroid material marketed in tablet form, the former 
yielding unduly high values for thyroxine, the latter unreasonably 
low ones. Experiments seemed to indicate that this was probably 
due to the tenacious adsorption of iodine compounds by the 
vehicle used in the manufacture of the tablets. A modification of 
the method will be necessary to overcome this difficulty. 
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SUMMARY 


1. It has been shown that for the extraction of thyroxine with 
butyl alcohol from an acidified solution of thyroid material, hy- 
drolysis with alkali need not, be as complete as for similar extrac- 
tion at an alkaline reaction. 

2. Barium hydroxide in an 8 per cent solution has been found 
to be a more effective agent for the hydrolysis of the thyroid sub- 
stance in connection with thyroxine determination than an equiva- 
lent concentration of sodium hydroxide, or even 2 N NaOH. 

3. On the basis of the finding that it is possible to extract thy- 
roxine quantitatively from an 8 per cent solution of barium hydrox- 
ide by means of butyl alcohol, a method has been developed for the 
determination of thyroxine in thyroid powder and in fresh gland 
substance. 

4. The advantage of the method is a shorter time required to 
yield results which are probably not over 10 per cent lower than 
the actual thyroxine content of the material analyzed. 

5. Approximately 30 per cent of the total iodine in commercial 
thyroid powder and desiccated and fresh pig thyroids (summer 
glands) was found to be in the form of thyroxine. 
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Studies on vitamin G (B,) within recent years have received 
their stimulus and direction mainly from the researches of Ellinger, 
Koschara, and Kuhn, who published simultaneous communica- 
tions (1, 2) describing a group of natural pigments, the lyochromes, 
an important representative of which is lactoflavin. Many 
workers (3-22) who have reported biological investigations on 
lyochromes correlate the presence of flavins with vitamin G (B2) 
activity. In accordance with the usual technique (23), the 
vitamin G (B.) values of lyochrome concentrates were determined 
by the growth response of properly standardized experimental 
rats. The initial paper by Kuhn et al. (2) emphasized the possible 
differentiation between growth-promoting factors and an anti- 
dermatitis factor. Bourquin and Sherman (23) also state that the 
factor designated as vitamin G or B, may or may not be identical 
with the pellagra-preventing factor. As early as 1929, the 
Committee on Vitamin B Nomenclature (24) recognized the 
possibility of two factors in the vitamin G (Bz) designation, one 
preventing pellagra and one having to do with maintenance and 
growth. 

Much work has been published concerning the fluorescence and 
photochemical behavior of lyochromes and especially of lacto- 
flavin, which has been shown to possess growth-promoting proper- 
ties. The term lactoflavin (Cyz7H2oN,Oc) is now frequently used 
synonymously with the term vitamin G (B,) (25). According to 
Ellinger and Koschara (26) the lyochromes are characterized by 


* Read before the Division of Biological Chemistry of the American 
Chemical Society at New York, April 23, 1935. 
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their red- or orange-colored crystals and aqueous solutions, and 
- their yellow-green fluorescence. Lactoflavin is affected by certain 
physical influences, especially by light; the resulting products have 
different properties than the lactoflavin and have no vitamin 
activity. The data presented in this paper concern primarily the 
growth-promoting properties of fluorescent material derived from 
milk; namely, lyochromes or lactoflavin-containing concentrates. 


EXPERIMENTAL 


Since milk (27) and milk derivatives, such as whey (28, 29) and 
an especially prepared concentrated water-soluble portion of milk 
(30) which will be designated hereinafter as “milk vitamin con- 
centrate”’ (31-33), have been shown to contain the growth-promot- 
ing factor, the latter product was used as the basic material for 
obtaining fluorescent, growth-promoting concentrates. The 
method used was a slight modification of Kuhn’s (16) procedure. 
Without first resorting to alcoholic extraction, as advocated by 
Booher (3) and Itter (22), the milk vitamin concentrate was 
treated with fullers’ earth while in aqueous solution. The ad- 
sorbate was then eluted with dilute pyridine, the pyridine sub- 
sequently removed in the usual manner, and the residue thus 
obtained was freed from acetone-insoluble matter. This process 
has been carried out with many samples of the milk vitamin con- 
centrate and the residues obtained either before or after the 
removal of the acetone-insoluble matter were found to possess 
marked growth-promoting properties; all such potent residues 
exhibited a brilliant yellow-green fluorescence in ultra-violet light 
under conditions which will be described in detail below. 

The biological assays were made with white rats selected at an 
age of 22 to 26 days and weighing 40 to 50 gm., preferably 40 to 45 
gm.; individual cages with raised screen bottoms were used. The 
basal ration was the same as used for previous studies (28-30, 34) 
of this character and consisted of dextrin, 63 parts; Casein- 
Vitamin-Free,! 20 parts; Crisco, 10 parts; Salt Mixture 40,? 4 
parts; powdered agar-agar, 2 parts; and cod liver oil, 2 parts. 
This ration was supplemented with vitamin B, either by incor- 


1 The Casein-Vitamin-Free is distributed by The Casein Manufacturing 


Company of America, Inc., New York. 
2 Steenbock, H., and Nelson, E. M., J. Biol. Chem., 56, 362 (1923). 
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porating 2 per cent of crude rice polish in the mixture, or by feeding 
as a daily supplement a rice polish extract (34), or crystalline 
vitamin B,.* Following cessation in weight gain or decline in 
weight, the rats were fed the various test residues as daily sup- 
plements. 

The fluorescence of the various substances was determined with 
the aid of an Eveready Fluoray lamp. Thislamp burns C carbon 
electrodes (35) and was equipped with a heat-resisting 5mm. red- 
purple ultrafilter No. 5875 which transmits only radiations between 
about 3100 and 4100 A. and very slightly in the red; its peak trans- 
mission is at about 3650 A. | 

Data showing the growth response from typical samples are 
summarized in Table I; all samples showed a yellow-green flu- 
orescent color typical of lactoflavin when observed in “black 
light.”? It is evident from the data presented that the strongly 
yellow-green fluorescent concentrates obtained from the milk vita- 
min concentrate showed substantial growth-promoting properties. 

In view of the transformation of the yellow-green fluorescent 
lactoflavin by light into various photochromes possessing no 
vitamin activity, as shown by many investigators (10, 36-38), it 
seemed desirable to subject these concentrates to natural light and 
artificial light sources of known spectral and energy characteristics 
for the purpose of determining whether or not these concentrates 
could be converted into non-potent substances with concurrent 
change in fluorescence. The exact conditions under which these 
growth-promoting factors may be destroyed by light have not 
been reported by other investigators. Generally such terms as 
“strong artificial light” for a given length of time were used to 
describe the treatment. It is not unexpected therefore that 
discrepancies appear in the literature concerning the light sen- 
sitivity of the factors possibly involved in vitamin G (Bz) studies. 
If the exact conditions of light treatment were known, one might 
be able to reconcile the seemingly conflicting reports. In the 


’ The crystalline vitamin B; is distributed by Merck and Company, 
Inc., Rahway, New Jersey. 

‘The Eveready Fluoray lamp was obtained through the courtesy of the 
National Carbon Company, Cleveland. 

5 This filter is manufactured by the Corning Glass Works, Corning, 
New York. 
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experiments which will be described below, the growth-promoting, 
fluorescent residues were exposed to natural and artificial light 
sources of known spectral and energy characteristics under con- 
trolled conditions. 

Representative samples which showed the typical yellow-green 
fluorescence in ‘‘black light”? and the growth-promoting properties 


TABLE I 


Growth-Promoting Properties of Fluorescent Test Residues Prepared from 
Milk Vitamin Concentrate 


li 
recov" | spectral 3100-1100 A. Test | Aver- 
Sample ate Vitamin B: supple- | stance | weekly 
No. ment fed 
tion Color 6 wks. 
per ceni per cent mg. gm. 
Control 2% rice polish | None| 0.8 
1-469* 1.36 |0.10 Yellow-green | 2% ‘“ ™ 1.63 | 11.9 
2-550* 1.79 (0.10 2.50} 9.8 
3-468 0.69 |0.10-0.0016 — 0.83 | 6.9 
4-555 0.40 |0.027 7 0.56] 6.1 
5-549* 1.90 2.13 | 5.3 
6-517 0.44 2% * 0.54] 5.3 
7-516* 1.78 “ 2.13 | 5.2 
Control 50 mg. rice pol- | None} 0.0 
ish extract 
2-550* 1.79 |0.10 Yellow-green 2.50 | 8.7 
4-555 0.40 |0.027 0.56 | 5.8 
Control 5 units crystal- | None] 0.3 
line vitamin 
B, 
2-550* 1.79 |0.10 Yellow-green ni 2.50] 6.4 
4-555 0.40 |0.027 0.56 | 6.0 


* Not freed from acetone-insoluble matter. 


of which were known, were selected for exposure to sunlight and 
artificial light. ‘The sources of artificial light were carbon arcs 
burning Sunshine carbons (35) at 60 amperes and 50 volts, and 
quartz mercury vapor arcs. The samples were exposed to the 
light in aqueous or weak alcoholic solutions in the presence of air, 
or in a stream of bubbling nitrogen or oxygen. Certain samples 
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were exposed in a quartz cell, through window-glass screens, or 
without any screen whatsoever. In order to determine with 
some precision the effect of light in the presence of oxygen and 
nitrogen, portions of Sample 2-550, not freed from acetone- 
insoluble matter, and of Sample 4-555, freed from acetone-insoluble 
matter, were treated in the following manner. 

1 liter aliquot samples were placed in window-glass cells 30 X 
30 X 1.25 em. and subjected to bubbling oxygen or nitrogen gas for 
a period of 83 hours and 90 minutes, respectively, with all light 
excluded. Other aliquots of the same samples in the same con- 
centration and volume were treated with oxygen or nitrogen for 
the same length of time during exposure, at a distance of 2 feet, 
to the radiation of a Sunshine carbon arc burning at 60 amperes 
and 50 volts. Data showing the treatment to which the different 
samples were subjected and the results, with respect to change in 
fluorescent color as observed in “‘black light,”’ as well as significant 
biological data, are shown in Table II. 

It will be noted that all samples of the concentrate not exposed 
to light showed the typical brilliant yellow-green fluorescence 
when examined with thespectral band 3100 to 4100 A,, irrespective 
of whether they were saturated with air, oxygen, or nitrogen, 
and that they all possessed distinct growth-promoting properties 
under the conditions tested. Growth rate, however, could not be 
sustained over extended periods. In practically all instances a 
distinct flattening of the weight curve was manifested after 4 to 6 
weeks from the amount of test materials fed. 

All samples exposed to light showed a progressive change in 
fluorescent color from the typical yellow-green, to blue-green, and 
finally to pure blue; this progressive change in fluorescent color 
could be readily followed with a spectroscope. Disappearance of 
the yellow-green fluorescence and appearance of the blue flu- 
orescence was concurrent with decrease or total destruction of the 
growth-promoting property. 

The rate at which the growth-promoting property was de- 
stroyed, as indicated by the appearance of the blue fluorescent 
color, was substantially the same irrespective of whether the 
radiation from the Sunshine carbon electrodes were screened by 
quartz or window glass, or unscreened. This seems to show that 
the radiation above about 3100 A. is responsible for the photo- 


TaBLeE II 


Effect of Light on Fluorescing and Growth-Promoting Properties of Lactoflavin 
Concentrates Obtained from Milk 


& 3 
8 ig 
Sampl 3 $ 
a 
per ergs X 
cent mg. |gm. 
6-517A75 |0.27 | Air in dark None T Yellow-green |0.54/4.1 
6-517B40 |0.27| “ “ T 0.54/4.0 
6-517C75 |0.27 | Sunlight, win- 2days | Green 
dow-glass 
6-517C75 |0.27 Blue 0.54/0.0 
517A 0.10 | Sunshine arc, 63} 1 min. | Yellow-green 
quartz 
517A 0.10 945,15 Green 
517A 0.10 1890} 30 Blue 0.5410 .0 
2-550AN (0.10 | Ne in dark None T Yellow-green |5.00/6.8 
2-550AN {0.10 | Sunshinearc, N2| 3780} 1 hr. Blue-green 
2-550AN |0.10 24570| 6.5 hrs. | Green-blue 
2-550AN {0.10 “ 5.00/2.9 
2-550AO |0.10 | O2 in dark None T Yellow-green |5.00/4.8 
2-550AO |0.10 | Sunshine arc, 3780! 1 hr. Green 
2-550AO {0.10 24570! 6.5 hrs. | Blue 
2-550AO /0.10 “ 5 .00)0 .0 
4-555AN |0.027| Ne in dark None t Yellow-green |1.1 |6.7 
4-555AN |0.027| Sunshine arc, N2 157} 2.5 min 
4-555AL |0.027 945,15 | Faint blue 
4-555AL (0.027 1890; 30 Blue 
4-555AN |0.027 66670) 1.5 | Green 1.1 |0.5 
4-555AO in dark None Yellow-green /1.1 [4.1 
4-555AO |0.027| Sunshine arc, O,| 5670) 1.5 hrs. | Blue 1.1 |0.2 
4-555A  |0.027| Sunshine arc, 5670) 1.5 
air 
4-555A (0.027, Mercury vapor | 32130) 8.5 “ | Blue-green 
are, air 
* Vitamin B, requirement supplied as 2 per cent rice polish in basal 


ration. 
+t Exposed to daylight only during preparation of concentrate. 
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chemical transformation of the potent yellow-green fluorescent 
substance to the non-potent blue fluorescent substance. Radia- 
tions from a quartz mercury arc were less effective than those from 
the Sunshine carbon are. Since the spectral characteristics of the 
mercury vapor arc and the Sunshine carbon arc are radically 
different throughout the region from 3100 to 4800 A., the difference 
in rate of the photochemical transformation from the two sources 
is no doubt due to the spectral quality of the radiation above 
3100 A. 

Oxygen appears to accelerate to a slight degree at any rate the 
transformations noted. Substances in solution or suspension 
which may act as a screen or filter for certain radiations retard the 
photochemical transformations observed. 

The data as a whole seem to confirm the observations of numer- 
ous investigators. In every case, slightly acid solutions were 
exposed to the light. Under these conditions, according to Karrer 
et al. (39), the splitting of lactoflavin into the blue fluorescent 
alloxazine compound, lumichrome (40-42), pre- 
dominates over the split into the isoalloxazine compound, lumi- 
lactoflavin (C,3H,;2N,O.2) (438-45), the chloroform-soluble pigment 
component of lactoflavin. Kuhn et al. (46), however, question 
the possibility of a transformation of lactoflavin into lumichrome; 
they do not believe that light is capable of reorienting the 
nucleus of lactoflavin, namely to form an alloxazine compound 
from an isoalloxazine combination, and suggest that the lumi- 
chrome is formed during the preparation of the vitamin-active 
concentrates or that substances other than lactoflavin, possibly 
other lyochromes, are responsible for the origin of the lumichrome. 
The data reported in this paper seem to substantiate Karrer’s 
viewpoint. All of the. growth-promoting concentrates showed a 
yellow-green fluorescence; the absence of a blue fluorescent 
material in the active concentrates was confirmed with the spectro- 
scope. However, the samples which had been exposed to light 
and found to be devoid of vitamin activity showed a pure blue 
fluorescence, indicative of the presence of lumichrome. 

The present paper is not primarily concerned with the question 
whether the yellow-green fluorescent, growth-promoting substance 
is the sole factor involved in the vitamin G (B.) studies. The 
particular technique employed permits the presentation of data 
concerning only growth-promoting properties of the specified 
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concentrates, and does not presume to imply that this growth 
response is a criterion for determining other factors possibly 
involved in the usual vitamin G (B,) concept. The fact that 
growth could not be maintained over extended periods even with 
the most potent concentrates, is indicative of the possibility that 
the yellow-green fluorescent substance, presumably lactoflavin, is 
not the only factor concerned in the present vitamin G (B,) defini- 
tion. The data appear to be in accord with the results of many 
investigators in showing a correlation between growth-promoting 
properties and the yellow-green fluorescent property known to be 
characteristic of lactoflavin. Likewise, the effect of exposure to 
light resulting in a concurrent change in potency and fluorescent 
properties is in accordance with published data. 

Many substances have been examined in the “black light’ of 
the Fluoray lamp and their biological activity correlated with the 
fluorescent characteristics. The numerous data available from 
such studies with biological material have brought out the fact 
that such materials which do not show the yellow-green fluo- 
rescence, provided impurities have not absorbed the color, do not 
show growth-promoting properties when tested for vitamin 
G (B;) according to the method described herein. Our data are 
wholly inadequate, however, to warrant the statement that all 
green or yellow-green fluorescent substances from _ biological 
sources will show growth-promoting properties similar to the 
concentrates and materials discussed at this time. 


SUMMARY 


Fractions obtained from a crude milk vitamin concentrate 
showed marked growth-promoting properties forsuitably standard- 
ized white rats when fed in amounts of less than 1 mg. per day; 
such fractions showed the characteristic yellow-green fluorescence 
of lactoflavin when examined with the spectral band 3100 to 4100 A. 

Such material, when exposed to natural light or artificial light 
sources of known characteristics, lost its growth-promoting prop- 
erties and the yellow-green fluorescence changed to a blue fluo- 
rescence. 

Radiations between about 3100 and 4800 A. are responsible for 
the photochemical transformations noted. The character of the 
spectral band within this range was found ‘to affect the rate of 
photochemical transformation. 
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Oxygen appears to accelerate the photochemical transformation 
process. 

Impurities, such as substances in solution or suspension, de- 
creased the rate of the photochemical change, presumably due to a 
screening effect. 

Various specimen substances of biological origin, which showed 
no fluorescence whatsoever, or no yellow-green fluorescence, have 
been found to be devoid of growth-promoting properties when 
tested biologically for vitamin G (B,) according to the method 
described herein and provided extraneous material did not absorb 
the fluorescent color. 


The authors acknowledge the cooperation and assistance of 
Mr. J. L. Forrest and staff of the phototechnical department of the 
Agfa Ansco Corporation, Binghamton, New York, for the collec- 
tion of color plates which it is impossible to reproduce with this 
report; the cooperation of the National Carbon Company, Cleve- 
land, for the use of the Eveready Fluoray lamp is also acknowl- 
edged; recognition of the valuable assistance rendered by Miss 
Z. M. Hanford, G. E. Flanigan, and others of The Dry Milk 
Company Research Laboratories’ staff during accumulation of the 
data presented in this paper, is hereby given. 
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Analyses made by Gabriel (1) and Klement (2) on bone ash and 
analyses made by Gassman (3) indicate that the alkali metal con- 
tent of bones and teeth is 2 to 3 times as great as the alkali metal 
content of other tissues of the body and is usually at least as great 
as the magnesium content of calcified structures. Other investi- 
gations made to consider the inorganic composition of bone have, 
as far as I am aware, considered among the basic constituents, only 
the calcium and magnesium. 

For an understanding of the process by which calcification takes 
place, it is important to know the nature of the insoluble inorganic 
salt contained in calcified structures (4) and to know whether the 
composition is constant or varies according to the tissue in which 
it is deposited. In this respect the equivalence between acid and 
basic constituents is an essential consideration, but the situation 
existing in the fresh tissue cannot be determined from the analyses 
of bone ash, because the carbonate content may be altered during 
the ashing (5). 

The analyses reported here were made on fresh tissues, and the 
alkali metals are considered, not alone that the equivalence (or 
lack of it) between acid and basic constituents may be more 
accurately known, but, since these constituents by themselves form 
no insoluble precipitates with phosphate and carbonate, that an 
understanding of how they came to be concentrated far above the 
level in the blood plasma might throw some light on the process by 
which the insoluble constituents accumulate in calcified structures. 
Calcifying cartilage was investigated to see what bearing the com- 
position of this tissue may have on the base content of the bone 


which replaces it. 
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Procedure 


Preparation of Tissue. Bone—Under ether or amytal anesthesia, 
the bone was dissected from the animal. It was scraped clean, 
split open, the trabecule scraped out, and freed of adhering mar- 
row with the aid of a clean damp cloth. Portions of the diaphysis, 
epiphysis, or line of proliferation were crushed or cut with steel 
instruments to particles not larger than 1 mm. in diameter, and 
weighed immediately in small glass weighing bottles. Crushing 
to a fine powder is undesirable because it causes cloudiness in the 
trichloroacetic acid filtrate. 

Teeth—After removal from patients or dogs, the teeth were 
split and the pulp removed. As much of the crown as could be 
definitely identified as dentin was collected with the aid of a dental 
burr. A layer near the dentin and enamel junction was discarded 
and the remaining enamel crushed with steel instruments for 
analysis. 

Cartilage from calves (nasal septum), and from calf embryos 
(epiphyses of long bones) was frozen with solid carbon dioxide, the 
perichondrium scraped off, and while frozen, the tissue cut into 
slices approximately 0.1 mm. thick, weighed, and added to 10 
volumes of 10 per cent trichloroacetic acid. For purposes of 
analysis, the water content of cartilage was assumed to be 80 per 
cent (6). Samples of cartilage for carbon dioxide determination 
were frozen in sealed bottles. 

Carbon Dioxide—The procedure described by Van Slyke (7) was 
employed, except that the titration of excess barium hydroxide was 
carried out without filtering off the precipitated barium carbonate. 
The method was adapted to the determination of small quantities. 
For the determination of amounts greater than 5 cc. of 0.1 N 
carbon dioxide, the tube containing the weighed sample of bone 
was dropped into the inside tube of the apparatus described by 
Van Slyke, and the air replaced by carbon dioxide-free air. The 
stopper was removed just far enough to admit the tip of a pipette, 
and an amount of 0.1 N barium hydroxide approximately 50 per 
cent in excess of the estimated carbonate was admitted to the 
flask. The apparatus was evacuated and N hydrochloric acid run 
onto the bone, drop by drop, time being allowed after each addition 
until bubbling had almost ceased. The amount eventually added 
was sufficient to cover the specimen. After the mixture was 
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shaken the reaction was allowed to proceed overnight and the 
vacuum was replaced with carbon dioxide-free air. The stopper 
was removed, the inside tube washed down with 40 cc. of distilled 
water, 2 drops of 1 per cent phenolphthalein were added, and then 
from a burette, 0.1 N hydrochloric acid was run in with constant 
rotation of the flask until the indicator turned a pale pink.! 

Samples of cartilage tested by this procedure were kept frozen 
up to the point of admitting the N hydrochloric acid. 

For samples containing less than 3 cc. of 0.1 N carbon dioxide, 
the determination was carried out in an apparatus made from a 
200 cc. Pyrex Erlenmeyer flask, and the titration of excess barium 
hydroxide made with 0.02 nN hydrochloric acid, without removing 
the inside tube of the apparatus. A depression in the inside tube 
was provided to admit the long accessory tip of a 5 cc. burette to 
the Erlenmeyer flask. 

To test the procedure, four weighed portions of Kahlbaum’s 
calcium carbonate (zur Analyse), equivalent to 10 cc. of 0.1 N 
carbon dioxide, were analyzed. The following amounts were 
found: 9.90, 9.95, 10.03, 10.00 cc. of 0.1 N carbon dioxide. Three 
portions equivalent to 5 cc. of 0.1 N carbon dioxide each were tested 
with the following recoveries: 5.04, 4.97, 5.00 cc. of 0.1 N carbon 
dioxide. Five 1 cc. portions of 0.1 N sodium carbonate solution 
(Merck’s Blue Label) were analyzed with the following recoveries: 
1.03, 1.01, 1.01, 0.99, 0.99 ec. of 0.1 N carbon dioxide. 

Calcitum—The residue left from the determination of carbon 
dioxide was transferred quantitatively to a volumetric flask (usu- 
ally 100 or 200 cc.) with the aid of 10 per cent trichloroacetic acid 
solution (prepared from the redistilled acid) and made up to volume 
with the same solution. Aliquots of this, containing approxi- 
mately 1 mg. of calcium, were taken for the determination of cal- 
cium by the method of Fiske and Logan (8). : 

Inorganic phosphorus was determined on aliquots of the tri- 
chloroacetic acid filtrate by the method of Fiske and Subbarow (9). 

Base Other Than Calcitum—An aliquot of the trichloroacetic acid 
filtrate containing 10 to 40 mg. of phosphorus was evaporated to 
dryness in a lipped Pyrex test-tube (200 K 25 mm.), with the aid 
of apparatus previously described (10). 0.5 ec. of 10 N sulfuric 


1 Thymol blue proved to be equally good but no better as an indicator. 
The titration must be carried to the pale green of the indicator. 
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acid was added and the organic matter destroyed or hydrolyzed 
with the aid of nitric acid by heating in a bath of molten salts at a 
temperature not greater than 250° until a colorless or light yellow 
residue remained.?* The residue was dissolved and diluted with 
distilled water so as to contain about 1 mg. of phosphorus per cc. 
0.25 cc. of 2.5 per cent oxalic acid was added for each mg. of cal- 
cium present (or each 0.5 mg. of phosphorus). A small drop of 
0.04 per cent alcoholic thymol blue was added and the tube heated 
to 90° in a boiling water bath. The solution was brought to pH 1 
with redistilled (5 N) ammonium hydroxide, at which point precipi- 
tation usually started. After the solution was shaken and heated 
in the water bath for 10 minutes, it was brought to pH 3 with 5N 
ammonium hydroxide added drop by drop, and permitted to 
remain in the water bath for an additional 10 minutes. A drop 
of saturated alcoholic methyl red was then added, and the solution 
adjusted to pH 5 with N ammonium hydroxide, drop by drop, 
and heated for 30 seconds between additions. The solution was 
permitted to cool, and in approximately 3 hours filtered through a 
tight ashless filter paper. The precipitate was washed with three 
2 cc. portions of 1 per cent ammonium oxalate. The filtrate was 
evaporated to dryness and the oxalic acid present destroyed with 
the aid of nitric acid in the ammonium sulfate-sulfuric acid bath.’ 
The residue was dissolved and made to volume in a flask of such 
size that the solution contained not more than 1 mg. of phosphorus 
per cc. From an aliquot of this solution the phosphate was pre- 
cipitated and the rest of the determination of total base carried 
out by the Fiske (12) ‘‘First method.” The values for Na + K 
were obtained by subtracting the magnesium values from the 
values obtained for total base. This method rather than deter- 
mination of the individual alkali metals was chosen, for the purpose 
of the investigation, because the sum of the two is the value of 
greater significance and can be determined in small quantities with 
far greater accuracy than is possible for determination of the 
individuals separately. 

2 Heating to high temperature to destroy the last trace of organic matter 
is unnecessary and undesirable because it may result in the production of 
an insoluble residue. 

3 Directions for preparing the bath of molten salts is included, together 
with the directions for the determinations of magnesium in the Folin 
Manual (11) and will be published in detail shortly. 
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The directions described above were arrived at after several 
preliminary experiments. To test the procedures, solutions of 
pure salts similating bone in composition were made up and the 
magnesium and total base determined on the solution obtained 
after removing the calcium as oxalate (Table I). “The following 
are typical results. The magnesium was precipitated as mag- 
nesium ammonium phosphate and the phosphorus content of the 
precipitate determined colorimetrically in all cases. The results 
so obtained were checked in several cases by precipitation of the 
magnesium with 8-hydroxyquinoline, ignition of the precipitate 
to magnesium oxide, and estimation of the magnesium by alkali- 


TABLE 
Analysis of Known Mixture of Salts of Composition Similar to Bone 


The mixture contained, per cc., 4 mg. of calcium (as chloride), 1.86 mg. 
of phosphorus (as (NH,4),HPO,), 0.0655 mg. of magnesium (as lactate), 
0.115 mg. of sodium (as chloride), in 0.1 N nitric acid. Calcium was pre- 
cipitated and analysis made of the filtrate. Each result is an average of 
two determinations agreeing within 2 per cent. 


A 0.1N Mg 0.1 N base 
mount of 
solution taken 
Present Found Present Found 
ce. ce. ce. ce. ce. 
10 0.539 0.533 1.039 1.052 
20 1.078 1.077 2.078 2.080 


metric titration. A comparison of the phosphate method and 
alkalimetric titration for magnesium is given in Table IT. 

Chloride—To a weighed portion of the bone (about 1 gm.), 
suspended in 20 cc. of distilled water, 2 cc. of 0.1 N silver nitrate 
were added. The organic matter was then destroyed by acidifying © 
with nitric acid and adding chloride-free potassium permanganate 
(saturated solution), drop by drop, to the boiling solution, until 
the purple color remained permanently. A drop of chloride-free 
oxalic acid solution was added to decolorize the solution, 2 cc. of 
25 per cent ferric ammonium sulfate in 5 N nitric acid were added, 
and the excess silver was titrated with 0.1 N ammonium thio- 
cyanate from a microburette. 

Results obtained by the above procedure on cartilage were com- 
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pared with results obtained from a dilute nitric acid filtrate of the 
tissue and showed excellent agreement. 10 volumes of cold 0.3 N 
nitric acid were added to weighed samples of the sliced tissue. 
After standing at least 1 hour, the solution was filtered, silver ni- 
trate added, the solution evaporated to approximately one-fourth 
its volume, permanganate and nitric acid added to destroy the 
small amount of organic matter present, and the excess silver 
titrated as described above. | 

Total Sulfate—The total sulfate of cartilage was determined by 
the Fiske (13) benzidine method on a solution of the tissue made 
by autoclaving with 2 volumes of 5 nN hydrochloric acid for 1 hour 
at 20 pounds pressure. 


TABLE II 


Comparison of Determination of Magnesium in Bone by Means of Magnesium 
Ammonium Phosphate and by Alkalimetric Titration 


Each result is an average of two determinations agreeing within 1 per 
cent. 


Mg found 
Experiment No. 
Alkalimetric "Phosphate 
mg. pergm. mg. per gm, 
1 9.26 9.24 
2 5.42 5.52 
3 3.55 3.55 
4 4.28 4.28 


Acid hydrolysates of bone gave no precipitate with benzidine 
after removing the phosphate. The precipitation of such large 
amounts of phosphate was well as the presence of relatively large 
amounts of organic matter, however, introduced two elements of 
uncertainty. Therefore, total sulfate on bone was determined by 
weighing the barium sulfate obtained by adding 4 cc. of 5 per cent 
barium chloride to a solution of the ash of 10 gm. of bone in 30 
ec. of 5 N hydrochloric acid. The results would presumably in- 
clude unoxidized sulfur, of which, however, bone contains very 
little. Until a better procedure is devised for separating the small 
amount of sulfate present in bone from the organic matter, this 
method appears most suited to the purpose at hand. 
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Results 


Samples of bone were examined from twelve cats, the ages of 
which ranged from 24 hours to maturity, and included the bones 
of the mother of the youngest animal examined. Portions of the 
diaphysis were compared with trabecule and the epiphysis of the 
same bone in two instances each, and with the line of proliferation 
in one instance. Diaphyses of femurs of seven rabbits, ranging 
from 24 hours of age to maturity and including the mother of the 
youngest, were likewise examined. The same was repeated on 
femurs from six rats, including one comparison each of the dia- 


TABLE III 
Phosphate and Carbonate Content of Rat Bone in Relation to Calcium 
Rat No. Weight of rat Carbonate Phosphate 
gm. per cent of Ca per cent of Ca 

1 24.1 10.7 95.3 1 wk. old 

2 25.0 10.7 98.8 2wks. “ 

3 79.5 12.5 94.2 

4 95.0 12.6 94.0 

5 187.5 13.7 90.0 

6 238 .0 15.8 89.3 Mother of 
Rats 1 and 
2 


The results are expressed in relation to the calcium instead of to the total 
base, because sufficient bone, freed from soft tissue, was not obtained from 
Rats 1 and 2 to determine total base and magnesium. 


physis with the epiphysis and line of proliferation, and that of the 
mother with the offspring, 1 week and 2 weeks old. 

The results showed no definite differences in composition of the 
inorganic part of the bone in respect to the part of the bone taken 
for analysis. In rat bone, the carbonate content expressed in 
stoichiometric equivalents in relation to the calcium increased pro- 
gressively from 10.7 per cent, at 1 week of age, to 15.8 per cent at 
maturity, and the inorganic phosphate (calculated as a tribasic 
acid) correspondingly decreased from 95.3 to 89.3 per cent of the 
calcium (Table III). This change has previously been noted in rat 
bone by Kramer and Shear (14). The analysis of cat bone showed 
a more nearly constant composition in this respect; the carbon 
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dioxide was stoichiometrically equivalent to 11.6 to 13.8 per cent 
of the calcium (10.7 to 13.0 per cent of the total base). Theolder 
animals did, however, on the whole, have slightly higher carbonate 
content and lower phosphate content relative to the total base 
(Table IV). In the case of rabbits, the carbonate content varied 
between 10.3 and 15.2 per cent of the calcium (9.6 to 14.4 per cent 
of the total base) without respect to age. Representative results 
showing typical variations are given. 

Samples of dentin and enamel from human teeth of seven 
individuals ranging from 6 to 65 years of age were analyzed. Most 


TaBLeE IV 
Inorganic Composition of Diaphyses of Femurs 
Ani- Weight 01n | 0O1N 0.1N | Inor- cum of 
mined 
per cent|per cent|per cent 
1 Kitten, 24] 149) 87.4| 2.77 | 4.43 | 86.3 | 11.6 1.03 
hrs. old 
2 | Cat, mother | 3650 | 139.2) 3.28 | 3.97 | 83.0 | 12.5 | 0.19 | 1.04 
of Animal 1 
3 Cat, male 4000 | 119.0) 3.52 | 1.38 | 86.5 | 138.0 | 0.19 | 1.00 
4 | Young rat 80 | 79.5) 3.14 | 3.13 | 87.7 | 11.5 1.01 
5 | Rabbit 1224 | 106.5) 5.24 | 0.87 | 88.3 | 9.6 | 0.30 | 1.02 
6 as 2850 | 125.8) 3.56 | 3.17 | 85.1 | 14.4 | 0.30 | 1.00 


* Calculated as a tribasic acid. 


of these teeth showed some degree of caries and all were taken from 
persons in which other teeth showed caries. It is difficult to obtain 
teeth from persons who do not show some degree of dental defect; 
and if a change in composition of the inorganic part of the teeth is 
associated with the production of caries, one might expect to find 
the change in any of the teeth of a person susceptible to caries 
whether or not the particular tooth examined was carious. Con- 
sequently, analysis of normal dog teeth are given for comparison. 

It is evident from the results on human and dog teeth (Table V) 
that the magnesium of the dentin, in relation to the total base, is 
3 to 4 times as high as the magnesium of the enamel. No signifi- 
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cant difference is apparent between the magnesium content of 
normal dog enamel or dentin, and that found in carious human 
teeth. The carbonate content of dentin and enamel of the normal 
dog’s teeth is essentially the same, and in relation to the total base, 
amounts to approximately 70 per cent of the carbonate content 
of the bone from the same animal. The carbonate content of the 
enamel of the carious human teeth is only slightly less than that 


TABLE V 


Inorganic Composition of Human Teeth and Dog Teeth Compared with Bone 
from Same Animals 


0.1 Inor- 

Subject | Age | O18 | Na+] Me | ganic | COs | 
K P deter- 
mined 

ce. per | cc. per | ce. per [Per cent|per cent|per cent 

am. | om. | om. | base | base | base 
Human | 15 yrs. | Dentinf | 131.5} 6.82 | 1.34 | 4.89 | 87.8 | 10.3 | 1.02 
7 55“ * tf] 125.6) 7.05 | 1.32 | 5.26 | 88.9 | 10.2; 1.01 
" 15 ‘ | Enamelf| 179.0} 2.11 | 3.10 | 1.15 | 88.7] 6.8 | 1.04 
55 168.0) 3.67 | 3.95 | 2.09 | 88.0; 7.0} 1.05 
Dog 1 4 mos.| Dentin | 116.9) 5.90 | 2.46 | 4.71 | 92.8 | 8.2 | 0.98 
114.8} 9.60 | 1.33 | 7.65 | 91.9] 8.0 | 1.00 
4 | Enamel | 160.5) 2.68 | 2.46 | 1.62 | 94.7 | 7.9 | 0.97 
156.1) 3.72 | 2.45 | 2.29 | 88.4 | 8.2 1.04 
ete 4 ‘* | Bone 106.7} 2.12 | 2.12 | 1.91 | 88.8 | 11.6 | 0.99 
a > ” 114.9) 1.95 | 2.52 | 1.63 | 83.3 | 12.8 | 1.04 


* Calculated as tribasic acid. 
t Impacted molar, not carious. 
t Carious incisor. 


of the enamel of the dog, but the carbonate of the dentin is higher, 
more nearly approaching that of bone.‘ 

Results based on analyses of combined dentin and enamel have 
been cited to support the contention that carious teeth contain 
more magnesium than normal teeth (15). The futility of attempt- 


4 The above results were presented at a meeting of the American Associa- 
tion for the Advancement of Science, December, 1933 (Logan, M. A., J. 
Am. Coll. Dent., 1, 46 (1934)). 
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ing to settle the question by that means is evident from the differ- 
ence in composition between dentin and enamel. 

The differences found between the composition of the inorganic 
part of bone, dentin, and enamel are so large as to preclude the 
possibility of excluding them from consideration concerning the 
means by which calcification takes place. If, as the results of 
x-ray analysis of bone indicate (4, 16), the inorganic part of bone 
is composed of minerals of the apatite series of the general formula 
3Ca3(POx4)2-CaX.2 in which X represents $CQ; chiefly, it is neces- 
sary to consider that conditions under which calcification takes 
place are such as to cause a substitution of sodium and potassium 
for part of the calcium, and to consider that the difference in 
condition under which deposition takes place in dentin and enamel 
of teeth is sufficient to cause a 300 per cent difference between 
the amount of magnesium similarly substituted, and a 30 per cent 
difference in the carbonate. 

The results of analyses of twenty-four specimens of bone, in 
which the total inorganic base and at least phosphate and car- 
bonate were determined, showed that the total base was equivalent 
to the sum of the acids determined within 1 per cent in fifteen 
specimens, three agreed within 2 per cent, and the remaining six 
showed from 3 to 6 per cent more base than acid. Three of these 
latter six came from a mother cat and two of its offspring. Of nine 
samples of dentin, the total inorganic base agreed with the sum of 
the acid in six, and the remaining three agreed within 2 per cent. 
Of nine samples of enamel, one showed 3 per cent more acid than 
base, two showed 1 per cent agreement between the base and 
acids, one agreed within 2 per cent, and five showed 4 to 5 per cent 
more base than acid. Chloride determinations were made in ten 
samples and included in the calculation when made, but affected 
the results usually by about 0.2 per cent, and never more than 0.5 
per cent. To the extent that chemical analysis of these inorganic — 
constituents can contribute to the question, the essential equiva- 
lence of the acid and basic constituents in the majority of deter- 
minations on bone and dentin supports the contention that the 
bases exist in the bone and dentin essentially as tertiary phosphates 
and carbonates. 

As far as the determinations are concerned, the results are con- 
sidered to be accurate to 1 per cent. In this connection, it is 
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pertinent to note that all the inorganic bases are determined but 
this is not necessarily true of the acids. The results on a few 
specimens of bone and the majority of samples of enamel leave 
room for consideration as one possibility that anions to the extent 
of 3 to 5 per cent of the total are not included in the analyses. As 
becomes evident from the analyses of cartilage, however, an ele- 
ment of uncertainty concerns the base-combining power of the 
organic matrix of the bone, which, constituting 35 to 50 per cent of 
the tissue, may or may not affect the results by more than 1 per 
cent. 

Although an appreciable quantity of the base of bone may be 
combined with organic constituents of the tissue, the results of 
Gabriel’s analyses (1) indicated that most of the alkali metals 
exist as constituents of the inorganic portion relatively insoluble 
in water. He found that the amount of sodium far exceeded the 
amount of potassium in bone, and in some experiments he removed 
the organic matter from bone by boiling it with a glycerol-potas- 
sium hydroxide mixture. The results obtained on the insoluble 
residue left after washing out the glycerol-potassium hydroxide 
with water were compared with analyses made on bone ash. Es- 
sentially the same amount of sodium was found by either procedure. 
Klement (2) determined the amount of carbonate, phosphate, and 
calcium dissolved by conductivity water from bone residues 
prepared according to the procedures of Gabriel. He thought 
that the magnesium, sodium, and potassium as carbonates owed 
their presence in bone to serum in the Micellen des Knockengewebes. 
His results indicated that the magnesium and alkali metals re- 
mained in the residue obtained after extracting the bone with 
glycerol-potassium hydroxide and presumably washing out the 
added potassium hydroxide with water. How the bases could 
escape being removed from the residue by such a procedure unless 
they originally existed as components of the inorganic structure is 
difficult to understand. The ratio of alkali metals to calcium is 
essentially the same in bone as in the enamel of teeth. In the 
enamel of teeth, as much as 90 per cent of the weight of the fresh 
tissue can be accounted for by calcium combined as phosphate and 
carbonate. If the other bases existed as carbonates apart from 
this portion of the structure, they would of necessity constitute 
25 per cent of the remaining tissue. 
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Cartilage—The analyses of cartilage (Table VI) include speci- 
mens from the epiphysis of long bones of calf embryos prior to 
their calcification and samples of cartilage which do not ordinarily 
calcify (nasal septum of calves). The results indicate that a 
concentration of the bases of the blood plasma occurs prior to the 
calcification of the tissue because the alkali metal content of 
cartilage prior to calcification is at least 50 per cent greater than 
that found in the blood plasma. It is not possible to determine 
the weight of bone to be derived from a given weight of cartilage, 
but bone presumably contains more of the alkali metals than the 
cartilage which it replaces. Consequently, during the formation 


TABLE VI 
Inorganic Composition of Cartilage 
The components are measured in cc. 0.1. N per 100 gm. 


Ca Mg Na+K | organic | Co, Cl 
19.7 8.2 213 6.2 14.3 53.0 
2* 17.8 7.5 200 7.5 51.8 
3T 22.6 15.8 402 3.2 10.4 46 .0 
4t 25.2 14.0 321 3.5 14.4 46.2 


* Analysis of cartilage from the epiphyses of the long bones of calf 
embryos. Calcification was visible in the center of the epiphysis of Carti- 
lage 1. Sections were dissected out so as to avoid the calcified area. Car- 
tilage 2 was from a smaller embryo in which calcification in the epiphysis 
had not commenced. With the exception of a layer approximately 1 mm. 
thick, adjacent to the line of proliferation, the entire epiphysis was used. 

+ Analysis of the upper two-thirds of the nasal septa of calves. 


of bone there probably occurs an additional partially indiscrimi- 
nate concentration of the bases of the blood plasma. The in- 
creased concentration of the alkali metals which exists in the 
cartilage before the formation of bone could, however, be expected 
to favor the inclusion of those constituents in the final structure. 
It would not be surprising to find that differences in the magnesium 
content of the tissues, from which dentin and enamel develop, 
influence the proportion of this constituent found in the inorganic 
structure of these tissues. 

The calcium concentration of the epiphyseal cartilage (35.6 and 
39.4 mg. per 100 gm.) and the magnesium concentration (9.9 and 
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9.2 mg. per 100 gm.) are 3 to 4 times the normal blood plasma 
levels, with no corresponding increase in the inorganic phosphate. 
The level of calcium concentration with which the initiation of 
calcification is immediately concerned is probably that of the 
cartilage rather than that of the blood plasma, but that this is 
not necessarily the factor deciding the calcification is evidenced 
by the fact that the concentrations of the bases (including calcium) 
in cartilage which does not ordinarily calcify are higher than in the 
epiphyseal cartilage.’ Von Bunge’s analyses (6) of nasal septa of 
pigs show a similarly high content of calcium and alkali metals, 
particularly sodium, but it is not possible from his analyses to com- 


TaBLeE VII 
Total Sulfate and Nitrogen Content of Cartilage and Bone Matrix 
| 
Fresh organic 

| 
tissue tissue 

per cent mg. cc. 0.1N 
1522 120 Cartilage, epiphysis, calf embryo 
1235 162 - nasal septum, calf 

57.5 6160 17 Bone, mandible, calf 

55.5 5790 28 

37 .6 9600 22 ‘¢ femur, cat 


* Determined by loss in weight on ignition of the fresh bone. In the 
case of cartilage fresh organic tissue refers to the weight of the tissue as 
taken from the animal. 


pare the inorganic acid and basic constituents because the carbon 
dioxide content was not determined. 

The analyses reported here show that the carbonate, inorganic 
phosphate, and chloride of the cartilage together are equivalent to 
approximately 25 per cent of the base present. Therefore, a large 
proportion of the base presumably exists as salts of organic con- 


5 The most significant difference found between calcifying and non- 
calcifying cartilage is in the amount of inorganic and organic phosphate 
present. The amounts of each in calcifying cartilage are about twice that 
present in non-calcifying cartilage. The organic phosphate will be con- 
sidered separately in a subsequent communication. 
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stituents of the cartilage. It is not possible, however, to predict 
the base-combining power of the organic matrix of bone from the 
composition of cartilage, because, as determinations of total 
nitrogen and total sulfate on cartilage and bone matrix (Table 
VII) show, a change in composition takes place in the conversion 
of the former into the latter. The total sulfate drops from over 
100 cc. of 0.1 N to about 20 cc. of 0.1 N sulfate per gm. of fresh 
organic tissue, whereas the total nitrogen shows at least a 3-fold 
increase in the change from cartilage to organic matrix. This can 
only be accounted for by the loss from the tissue of part of the 
chondroitin sulfuric acid, and possibly other constituents of 
relatively low nitrogen content. The nature of the change (loss 
of a potentially acid constituent) is such as to suggest that it may 
favor the precipitation of the inorganic salts. 


SUMMARY 


1. Relative to the total amount of base present, the magnesium 
content of dentin is higher than that of the enamel or bone, and 
the carbonate content of bone is higher than that of enamel or 
dentin. 

2. Analysis of bone and dentin indicates that the inorganic 
bases are present essentially as carbonates and tertiary phosphates. 

3. Concentration of the bases of the blood plasma in cartilage 
precedes calcification. 

4. The conversion of cartilage to organic matrix of bone is 
characterized by loss of organic sulfates and gain of nitrogenous 
constituents. 
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The serological cross-reactions exhibited by certain encapsulated 
microorganisms of related and unrelated species have been attrib- 
uted in the past to possible similarities in the chemical constitution 
of the polysaccharides of which the encapsulating materials are 
believed to be composed. It has been shown (1) that azoprotein 
antigens containing hexoside and disaccharide radicals of known 
chemical constitution give rise in the host to antibodies which, in 
certain instances, show serological cross-reactions that may be 
directly correlated with known similarities in the configuration of 
the carbohydrate radicals themselves. This evidence, however, 
does not permit the obvious deduction that similarity in the chemi- 
cal constitution of the polysaccharides of pathogenic microorgan- 
isms is the basis for their immunological crossing. As yet there 
has indeed been no chemical evidence presented in support of this 
hypothesis. 

Some 10 years ago it was shown in this laboratory that the 
specific polysaccharides obtained from two totally unrelated 
species of microorganisms, the Type II pneumococcus, and the 
Type B Friedlaender bacillus, showed striking immunological 
cross-reactions (2). At that time it was concluded that ‘‘in the 
absence of further evidence as to the structural relations of the 
two substances...,it seems reasonable to assume that both 
contain in a portion of the complex molecule the same or a closely 
similar configuration of atoms. This essential similarity in 
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molecular grouping would then determine the immunological 
similarity of the two substances.” 

An analogous series of immunological cross-reactions exhibited 
by Types III and VIII pneumococcus has more recently been 
described by Neill and his associates (3). Thus it has been 
shown that the immunization of rabbits either with Type VIII or 
Type IIT pneumococcus gives rise in each instance to the formation 
of antibodies which agglutinate both strains of microorganisms and 
passively protect mice against infection with either the homologous 
or heterologous strain. ‘That these two types of pneumococcus are 
indeed immunologically distinct, however, was demonstrated by 
the fact that either serum could be absorbed with organisms of the 
heterologous type, leaving in solution the antibodies reactive with 
pneumococci of the homologous type. More recently these ob- 
servations have been confirmed, and the isolation and properties 
of the specific polysaccharide of Type VIII pneumococcus have 
been described (4). 

Some months ago a study was undertaken in this laboratory to 
establish the chemical basis underlying the immunological crossing 
of the capsular polysaccharides of Types III and VIII pneumo- 
coccus. The carbohydrates from these two types of microorgan- 
isms were chosen, rather than those from the Type II pneumo- 
coccus and Type B Friedlaender bacillus, since both may be 
prepared in abundance and in a high state of purity. Furthermore, 
the nature of the specific polysaccharide of Type III pneumococcus 
is well understood (5). This carbohydrate has been shown to be 
a polymer of a glucose-glucuronide and to be built up from mole- 
cules of glucose and glucuronic acid in the ratio of 1 molecule of 
hexose to 1 of the uronic acid. In the present study the specific 
polysaccharide of Type VIII pneumococcus has likewise been 
shown to be constituted from molecules of glucose and glucuronic 
acid. After hydrolysis with dilute mineral acid there appear in 
the hydrolysate of the carbohydrate from Type VIII pneumo- 
coccus a hexose, identified as glucose, and an aldobionic acid. 
From the actual quantities of these two constituents found in the 
hydrolysate, and from the value of the acid equivalent of the 
polysaccharide itself, it appears that this specific carbohydrate is 
built up from glucose and glucuronic acid approximately in the 
ratio of 7 molecules of hexose to 2 of uronic acid. The capsular 
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carbohydrate of Type VIII pneumococcus represents, therefore, an 
entity which is chemically distinct from the specific polysaccharide 
elaborated by the Type III pneumococcus. 

That a chemical similarity between the two substances exists, 
however, may be seen from the results of the experimental work in 
which it has been shown that the aldobionic acids appearing in 
the acid hydrolysates of both polysaccharides are identical. The 
proof of the identity of these two uronic acids was made possible 
through the preparation of the crystalline heptaacetyl methyl 
ester. Both derivatives show identical crystalline structure, 
melting points, and specific rotations. Furthermore, a mixed 
melting point of the two derivatives shows no depression. Al- 
though the actual structure of the aldobionic acid is as yet un- 
known, work is now in progress to establish this point. 

In view of the experimental evidence which has been presented, 
showing that the aldobionic acids derived from the carbohydrates 
of Types III and VIII pneumococcus are identical, it is believed 
that the basis for the immunological crossing exhibited by these two 
specific types of pneumococcus resides in the structural and 
configurational identity of the uronic acid nucleus common to the 
encapsulating polysaccharides of both microorganisms. 


EXPERIMENTAL 


Preparation and Properties of Pneumococcus Type VIII Specific 
Polysaccharide—8 day cultures of Type VIII pneumococcus, 
grown in meat infusion broth at pH 7.4 containing 0.5 per cent 
glucose, were concentrated in a steam kettle in 75 liter lots to 
one-tenth of the original volume. The polysaccharide was isolated 
and purified by a method devised for the purification of the poly- 
saccharide of pneumoeoccus Type III (6). However, in the final 
stage of purification, instead of being precipitated with 1:1 hydro- 
chloric acid, as in the purification of the Type III polysaccharide, 
the Type VIII carbohydrate was precipitated in the presence of a 
slight excess of HCl by the addition of 2 volumes of alcohol. The 
precipitated carbohydrate was dissolved in a small volume of 
water, and dialyzed in an acid-washed parchment paper bag 
against distilled water until the dialysate was free from chloride 
ions. The clear viscous solution was then poured into 10 volumes 
of redistilled acetone, and the precipitate filtered and dried. 
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From 300 liters of broth culture, 20 gm. of polysaccharide were 
recovered. 

The physical and immunological properties of the polysaccharide 
agree in general with those described by Brown (4). The poly- 
saccharide is soluble in water, and aqueous solutions are distinctly 
acidic. The material does not reduce Fehling’s solution until 
hydrolyzed with diluted mineral acid. The carbohydrate gives a 
strong naphthoresorcinol test, indicating the presence of uronic 
acids within the molecule. Unlike the substance described by 
Brown, the polysaccharide, when isolated by the above method, 
contains neither nitrogen, phosphorus, nor ash. The substance 
has an acid equivalent of 750, when titrated to pH 8.0, and solu- 
tions of the sodium salt of the polysaccharide show a specific 
rotation of + 125° when observed with the sodium D line. Whena 
1 per cent solution of the carbohydrate in 1.0 N H2SQ, is hydro- 
lyzed at 100°, the liberation of reducing sugars proceeds very 
rapidly. Within 30 minutes 46 per cent of reducing sugars, cal- 
culated as glucose and determined by the Shaffer-Hartmann (7) 
method, are liberated. At 60 minutes, 56 per cent of reducing 
sugars are present in the solution, and at 120 minutes, 68 per cent. 
The reducing sugars increase, on subsequent boiling, to a constant 
value of 76 per cent after 4 hours, when gradually the reducing 
value diminishes, indicating the destruction of some reducing 
substance in the solution. 

Solutions of the specific polysaccharide of Type VIII pneumo- 
coccus react with immune rabbit serum of the homologous type 
in dilutions of 1 part in 4 million, and in Type VIII antipneumo- 
coccus horse serum in dilutions as high as 1 part in 8 million. The 
immunological cross-relationship between the specific polysac- 
charides of Types III and VIII pneumococcus is shown by the 
fact that the later reacts with Type III antipneumococcus horse 
serum in dilutions of 1 part in 4 million. 

Identification of Sugars Liberated by Acid Hydrolysis of Polysac- 
charide of Type VIII Pneumococcus. Hexose—0.880 gm. of dry, 
ash-free polysaccharide was dissolved in 35 cc. of water, and 35 cc. 
of 2 Nn H:SO, were added. The solution was boiled for 4 hours 
under a reflux condenser. The solution was now neutralized with 
BaCO;, and the precipitated barium sulfate removed by filtration. 
The precipitated barium sulfate was washed, and the filtrate was 
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concentrated to 10 cc. in vacuo. 200 cc. of redistilled methyl 
alcohol were added. The precipitated barium salt of the uronic 
acid was filtered and washed with several portions of methyl 
alcohol. 0.47 gm. of dry barium salt was recovered. The alco- 
holic filtrate was concentrated in vacuo to remove all traces of 
methy] alcohol, and the solution was transferred quantitatively to 
a 50 cc. volumetric flask. When analyses were made by the 
Shaffer-Hartmann method (7), the solution was found to contain 
0.50 gm. of reducing sugars calculated as glucose. The optical 
rotation of the solution was likewise observed, and the specific 
rotation calculated. The reducing sugar had [a] = +56.0°, a 
value which is in fair agreement with the specific rotation for 
aqueous solutions of glucose. 

The remaining solution (45 cc.) was divided into two portions. 
To one-half was added 0.7 cc. of phenylhydrazine dissolved in 
' 0.7 cc. of glacial acetic acid and 5 cc. of water. The solution was 
heated on the water bath for 90 minutes, and the crystalline 
osazone was filtered off and washed with 1 cc. of cold methyl 
alcohol. The osazone melted at 202-203 (uncorrected). When 
mixed with an authentic sample of glucosazone, the mixture 
showed no depression of the melting point. 

The remaining solution of the hexose portion of the hydrolysate 
was concentrated to 2 cc. and oxidized with 2 cc. of concentrated 
nitric acid in the usual manner. The mixture was evaporated 
rapidly on a large watch-glass, dissolved in 2 cc. of water, made 
alkaline with a few drops of 50 per cent KOH, and then acidified 
with glacial acetic acid. After standing overnight in the ice box, 
crystals of potassium acid saccharate were filtered from the 
solution. 60 mg. were recovered. 


Analysis—Calculated -for COOH -(CHOH),-COOK, K 15.75 per cent; 
found 16.10 per cent. 


From the above it may be concluded that the hexose constituent 
found in the hydrolytic products of the pneumococcus Type VIII 
specific polysaccharide is glucose. 

Identification of Uronic Acid Constitutent—The barium salt of 
the uronic acid obtained from the hydrolysis of the Type VIII 
specific polysaccharide was found to have [a]? = +11.8° (in 
water), a barium content of 15.8 per cent, and a reducing equiva- 
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lent of 46.5 per cent (calculated as glucose), as determined both 
by the Willstatter-Schudel (8) method and by the Shaffer-Hart- 
mann method. From the results of these analyses it may be seen 
that the barium salt is in all probability the salt of an aldobionic 
acid, and not that of a hexose uronic acid. Consequently, the salt 
was dissolved in a small quantity of water, the barium removed by 
precipitation with 0.1 N sulfuric acid, and the aqueous solution of 
the uronic acid concentrated in vacuo. The amorphous residue 
was finally dried to constant weight in a high vacuum over P.O; at 
room temperature. An analysis of this product showed that the 
substance had a reducing equivalent of approximately 50 per cent 
that of glucose. The specific optical rotation in water was found 
to be +7.3°. This value is in close agreement with that of the 
aldobionic acid derived from the Type III pneumococcus poly- 
saccharide. It was thought, therefore, that these two substances 
might be identical. In order to ascertain the validity of this as- 
sumption, the following derivatives were prepared. 

Chemical Identity of the Aldobionic Acids Derived from Type III 
and Type VIII Pneumococcus Polysaccharides—From the above 
experimental procedure it may be seen that the polysaccharide of 
Type VIII pneumococcus, having an acid equivalent of 750, 
yields on hydrolysis approximately 5 moles of glucose and 2 moles 
of an aldobionic acid. The carbohydrate may therefore be 
regarded as being built up from glucose and glucuronic acid 
molecules in a ratio of 7:2 respectively. In order to establish 
whether the aldobionic acid of the Type VIII pneumococcus 
carbohydrate is identical with that of the Type III pneumococcus 
polysaccharide, it became necessary to prepare crystalline deriv- 
atives:of each acid. Consequently, the aldobionic acids from 
both Types III and VIII polysaccharides were obtained in the 
amorphous state by hydrolyzing 6 gm. of each carbohydrate, 
isolating the barium salts, and finally the amorphous aldobionic 
acids themselves. The crystalline heptaacetyl methyl esters were 
prepared as follows: 3 gm. of the dry amorphous Type III aldo- 
bionic acid were dissolved in 200 cc. of anhydrous methy] alcohol. 
The solution was cooled to 0° and a slight excess of an ethereal 
solution of diazomethane was added. The solution of the esterified 
aldobionic acid was evaporated in vacuo, and the amorphous 
residue dried to constant weight. The methyl ester of the aldo- 
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bionic acid was now acetylated at 50° with a mixture of 20 cc. of 
acetic anhydride in which were dissolved 2 gm. of anhydrous zinc 
chloride. After the acetylation was complete, the acetic anhydride 
was removed by distillation in vacuo. The residue was dissolved 
in 50 cc. of chloroform and the solution washed repeatedly with 
ice water. The chloroform solution was now dried with calcium 
chloride, decolorized with norit, filtered, and the solvent removed 
in vacuo. The residue was dissolved in 70 cc. of ethyl alcohol, 
and the solution cooled to 0°. After several hours, crystallization 
of the heptaacetyl methyl ester of the aldobionic acid was complete. 
The material was filtered, and 3.0 gm. of substance were re- 
covered. No further crystalline material could be recovered from 
the mother liquors. After several recrystallizations from alcohol, 
2.0 gm. of the heptaacetyl methyl] ester of the aldobionic acid were 
recovered. The purified product was obtained in the form of long 
_ silky needles which melted sharply at 250° (uncorrected). The 
rotation and analysis of the substance were as follows: 
[a]> = +41.7° in chloroform (c = 0.5 per cent) 

C,,H:2010- (COCH;);- COOCH; 

Calculated. C 48.7, H 5.5, OCH; 4.7, COCH; 45.3 

Found. * * «45.8 


It is believed that this derivative is the 6 form of the heptaacety] 
methyl ester of the aldobionic acid. It was not possible to isolate 
from the mother liquors the crystalline a form of the heptaacetate. 

The crystalline heptaacetyl methyl ester of the aldobionic acid 
of the Type VIII pneumococcus polysaccharide was likewise pre- 
pared from the amorphous Type VIII aldobionic acid exactly as 
described above. The final purified product melted at 249-250° 
(uncorrected). A mixed melting point of this product with the 
heptaacetate of the Type III aldobionic acid methyl ester showed 
no depression. The Type VIII heptaacetyl aldobionic acid 
methyl ester showed the following analysis. 

[a]> = +40.0° in chloroform (c = 0.5 per cent) 
C11Hi2010- (COCH;);-COOCH; 
Calculated. OCH; 4.7, COCH; 45.3 


From the results of the above experimental work, it may be 
concluded that the aldobionic acid nucleus is identical in the 
specific polysaccharides of Types III and VIII pneumococcus. 
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SUMMARY 


1. The preparation and properties of the specific polysaccharide 
of Type VIII pneumococcus have been described. 

2. A chemical identification of the products of hydrolysis of the 
Type VIII pneumococcus polysaccharide has been made. 

3. It is believed that the basis for the immunological crossing 
exhibited by the specific polysaccharides of Types III and VIII 
pneumococcus resides in the identity of the configuration of the 
aldobionic acid nucleus common to both carbohydrates. 
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Our studies (1-4) on the metabolism of cystine, glutathione, 
cysteine, and methionine in cystinuria showed that cystine and 
glutathione were almost completely oxidized, the latter yielding a 
small amount of extra cystine. The metabolic behavior of 
cysteine and methionine was quite different. These compounds 
were excreted largely as extra cystine, only a small part being 
oxidized to inorganic sulfate. Thus it appears that one of the 
pathways of methionine catabolism is its conversion into cysteine. 
Although the mechanism of this conversion is still obscure, it is 
reasonable to assume that the first major step is a demethylation 
of the methionine. 

This demethylation has been found to occur physiologically 
(5-8) and also chemically (9, 10). Since the products obtained 
from the demethylation of methionine are homologues of cysteine 
and cystine, they were called homocysteine and homocystine by 
their discoverers, Butz and du Vigneaud (9). The physiological 
importance of homocystine has been indicated by its ability to 
substitute for cystine or methionine in growth experiments (11). 

An investigation of the metabolism of homocysteine and its 
oxidation product in the cystinuric individual offers a method for 
the elucidation of the place of these compounds in the probable 
transformation of methionine to cysteine. The experiments to 
be described below show that homocystine is almost completely 
oxidized, while homocysteine is excreted largely as extra cystine 
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and partly as homocystine. Thus it appears that methionine is 
converted into homocysteine and this, in turn, goes over to cys- 
teine, while any homocystine that might arise from homocysteine 
is oxidized along different lines. The present investigation 
confirms the previous findings with cystine and cysteine (3, 4) 
concerning the differences in the metabolic behavior of —SS— and 
—SH compounds. 


EXPERIMENTAL 


Case History and Diet—The cystinuric patient was the one on 
whom the previous extensive investigations were carried out (3, 4). 
Since the completion of these studies, he has been maintained at 
home on essentially the same weighed diet with the exception that 
a small amount of meat was allowed. Upto the present (January, 
1935), there has been no evidence of new stone formation, as 
determined by frequent x-ray observations. 

Preparation of Homocystine and Homocysteine—Homocystine 
was prepared from dl-methionine by the method of Butz and du 
Vigneaud (9), except that the excess sulfuric acid was neutralized 
to pH 5.4 with 10 N sodium hydroxide. The crude homocystine 
which precipitated was recrystallized by dissolving in a minimal 
amount of 2.5 n hydrochloric acid, decolorizing, and treating with 
an equivalent amount of sodium hydroxide. The yield of pure 
homocystine was about 40 per cent. 

Homocystine was reduced! with zinc dust at room temperature 
as described by Okuda (13) for the preparation of cysteine stand- 
ards. ‘The zinc was removed by hydrogen sulfide in the presence 
of a sodium acetate buffer, and the excess hydrogen sulfide washed 
out by a stream of nitrogen. The amount of homocysteine in the 


1 Homocystine can be reduced by sodium in liquid ammonia (9). Several 
unsuccessful attempts were made to reduce homocystine by catalytic hydro- 
genation, as described for cystine (12). Although the catalyst was re- 
placed several times during the course of the reaction and although approxi- 
mately 90 per cent of the theoretical amount of H; was taken up, the filtered 
solution, which should have contained 7 to 8 gm. of homocysteine, showed 
only a slight nitroprusside reaction. JIodometric (13) and photometric 
determinations (14, 15) indicated a few hundred mg. of the amino acid 
present in its reduced form. The catalytic reduction of homocystine should 
be further investigated. We are indebted to Drs. Bergmann and Zervas 
for their aid in the hydrogenation experiments. 
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final solution was determined by the method Okuda (13), and 
photometrically (14, 15). Homocysteine was fed to the patient 
immediately after its preparation and, in the three different 
batches used, more than 95 per cent of the compound was present 
in its reduced form. 


Methods 


The various urinary constituents recorded in Table I were deter- 
mined by the methods indicated in a previous publication (4). 
The determination of cystine with the phosphotungstic acid 
reagent? was carried out by the Folin method as previously de- 
scribed (4) and also by a photometric procedure which will be 
reported in detail in a separate communication (15). It can be 
noted in Table I that in the control periods these methods give 
approximately the same values. It will be seen, however, that in 
the experimental periods there is a decided spread in the figures for 
cystine as determined by the Folin and photometric methods. 
The reason for this discrepancy has been found to be due to the 
presence of homocystine in the urine (14, 15). In the presence of 
cystine, all of the homocystine will be determined by the Folin 
method, while by the photometric procedure, as employed at this 
time, only small amounts of this amino acid are estimated.* Such 


2 It should be noted (Table I; also (4) Table I) that all the figures for 
cystine as determined by the Folin and photometric methods are sub- 
stantially lower than the cystine calculated from the “total neutral sulfur.’’ 
This leaves an appreciable amount of undetermined neutral sulfur to ac- 
count for other sulfur compounds in the urine. Ascorbic acid, present in 
fresh urine, might possibly account for the high cystine values obtained at 
times by some investigators with the Folin method. However, the 24 hour 
specimens of urine used in this study contained only insignificant amounts 
of ascorbic acid. 

31.30 mg. of cystine plus 0.44 mg. of homocystine were added to 4 cc. of 
normal urine. The Folin and the photometric methods yielded 1.69 and 
1.47 mg. of “‘cystine’’ respectively (cf. Table I, Period 28, August 10). In 
order to determine all the homocystine by the photometric method, the 
sulfite concentration is increased 4-fold and the reaction allowed to proceed 
for 12 minutes. Under such conditions 1.70 mg. of “‘cystine’’ were obtained 
in the above solution. It should be further noted that with the Folin 
method, homocystine alone develops considerably less color (40 to 50 per 
cent, depending on conditions) than an equimolecular amount of cystine. 
However, solutions containing both homocystine and cystine develop 
almost the full amount of the color to be expected. 
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differences in the reactivity of various disulfides in the sulfite- 
phosphotungstic acid reaction have been described (16). 

The determination of cystine, according to Sullivan, was carried 
out as previously described (Sullivan in Table I; cf. (4, 16)) and 
also by Lugg’s (17, 18) modification of this procedure (Lugg- 
Sullivan in Table I). It has been reported previously (4, 16) that 
the Sullivan method gives low values for cystine in the urine. On 
the other hand by the Lugg-Sullivan procedure approximately the 
true amount of urinary cystine is estimated. This accounts for 
the relatively constant difference in the cystine values obtained 
by these two procedures, as reported in Table I. Neither modi- 
fication of the Sullivan method gives any color with homocystine 
((14, 15); cf. (9)). This amino acid, however, depresses color 
formation in the Sullivan method, but does not affect the Lugg- 
Sullivan method (14,15). Therefore, the presence of homocystine 
in cystinuric urine will produce an increase in the usual difference 
between the cystine values as determined by these methods (cf. 
Period 28).5 

Under the usual dietary conditions, the Folin, photometric, and 
Lugg-Sullivan values for the cystine content of a cystinuric urine 
are in close agreement with each other, while the Sullivan figures 


4‘ Preliminary experiments seem to indicate that ascorbic acid depresses 
color development in the Sullivan and Lugg-Sullivan cystine methods. A 
possible relationship between the ascorbic acid content of fresh cystinuric 
urine and the increase observed on aging (2, 16) in its cystine content, as 
determined by the Sullivan method, awaits investigation. This observa- 
tion, confirmed by others (19, 20), was interpreted as indicating, ‘‘the excre- 
tion of a cystine complex which decomposes in the urine with the liberation 
of free cystine’ (16). This interpretation may be subject to revision, inas- 
much as the observed phenomenon could also be due to the gradual disap- 
pearance from the urine of a substance inhibiting color development in the 
Sullivan reaction. 

5 To illustrate this point, the conditions prevailing on August 10, Period 
28, Table I, were simulated by the addition of 1.30 mg. of cystine to 4 cc. of 
normal urine. By the Sullivan and Lugg-Sullivan methods 1.08 and 1.32 
mg. of cystine, respectively, were yielded. If 0.44 mg. of homocystine and 
1.30 mg. of cystine were added to 4 cc. of the same urine sample, the Sullivan 
method indicated only 0.87 mg., while the Lugg-Sullivan method gave 1.28 
mg. of cystine. Thus the color development in the Sullivan method, which 
is inhibited by substances in normal urine, is further depressed by the 
presence of homocystine. 
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are maintained at a somewhat lower level. The difference in the 
effect of homocystine on each of these four methods, as pointed 
out above, permits its estimation in the presence of cystine. 
Since the completion of these experiments, a method has been 
developed which allows the photometric determination of cystine 
and homocystine’ in the same solution (14,15). The figures given 
as homocystine in Table I have been calculated from the difference 
between the cystine yielded by the Folin and by the Lugg-Sullivan 
methods. 

Metabolic Observations—It can be seen that the excretion of the 
various urinary constituents reported in Table I was constant dur- 
ing the control periods; the values obtained for pH, ammonia, and 
amino acid nitrogen, having no special significance, were omitted 
from the table. Both during control and experimental periods 
there were only minor variations in the excretion of preformed 
creatinine, indicating conditions satisfactory for metabolic ex- 
perimentation. 

Homocystine (Periods 22 and 22-a)—The results given in Table I 
show that the feeding of 7.2 gm. of homocystine did not change the 
urinary cystine as determined by the Sullivan methods, but that 
there was a considerable increase in the excretion of inorganic 
sulfates. A small portion of the homocystine was apparently 
excreted in the urine, as evidenced by the rise of the Folin over the 
Lugg-Sullivan figures (cf. above). No interpretation is offered 
for the slight rise in the excretion of preformed creatinine during 
this period. It should be noted that adjustment Period 22-a lasted 
only for 1 day because the patient became ill. 

Homocysteine (Periods 28 and 28-a)—The ingestion of 5.5 gm. of 
homocysteine resulted in only a small rise in the output of inor- 
ganic sulfates. The excretion of cystine was increased consider- 
ably, reaching almost double that of the control level (cf. discussion 
under ‘‘Methods’’). There also was excreted in the urine an 


* It is conceivable that, under conditions, homocystine may occur in 
the urine of certain cystinuric individuals. In one case, after the admin- 
istration of 4.5 gm. of dl-methionine, no homocystine could be demon- 
strated. However, the feeding of approximately 10 times this amount of 
methionine per kilo of body weight to rabbits resulted in the excretion in 
the urine of a substance having the reactions of a disulfide but which was not 
cystine (6). 
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appreciable amount of homocystine, the excretion of which was 
not as prolonged as that of the extra cystine. No cysteine or 
homocysteine was found in the urine (24 hour specimens) as 
indicated by negative nitroprusside tests before reduction and 
by the reaction with the phosphotungstic acid reagent (for details 
cf. (4) pp. 74, 75, and Table IT). 


Results 


A summary of the data is presented in Table II and Fig. 1 (for 
calculations cf. (4) p. 77). The figures for extra sulfur are some- 
what low, because the ingestion of sulfur compounds produces 
some nitrogen- and sulfur-sparing action, resulting in a fall in the 


TABLE II 


Extra Sulfur, Extra Cystine, and Homocystine in Experimental Periods 


Amount of extra S Extra Homo- 
Period No. Substance fed cystine | cystine 
Fed Excreted excreted | excreted 
gm. gm, gm. per cent gm. gm, 
22-22-a | Homocystine 7.2 1.72 | 0.55 32 0 0.41 
28-28-a | Homocysteine| 5.5 1.31 | 0.87 66 1.6 0.86 


basal level. Only 32 per cent of the homocystine sulfur fed was 
found as extra sulfur (Table II). This low recovery is due, in 
part, to the shortness of the adjustment period, No. 22-a (see 
above). In asimilar experiment with another case of cystinuria, 
2.5 gm. of homocystine were fed (2) and approximately 50 per 
cent of the homocystine sulfur was excreted. It should be noted, 
however, that the extra sulfur excreted after homocystine feeding 
is significantly less than after the administration of an equivalent 
amount of cystine (80 per cent extra sulfur; cf. (4) Table IV). 
Homocystine, like cystine and glutathione, is almost completely 
(84 per cent) oxidized (Fig. 1). The amount of homocystine 
excreted apparently unchanged is small (0.41 gm. or 18 per cent 
of the extra sulfur). 

The metabolism of homocysteine is strikingly similar to that 
of methionine and of cysteine. Table II and Fig. 1 show that 


‘ 
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66 per cent of the homocysteine sulfur is excreted as extra sulfur, 
of which one-half is extra cystine (1.6 gm.), 27 per cent inorganic 
sulfate, and 24 per cent homocystine (0.86 gm.). 


DISCUSSION 


‘“‘Although the cystine excretion in cystinuria is caused mainly 
by dietary methionine, the inborn error of metabolism is con- 
cerned with the handling of cysteine’ (4). The experiments 
described above substantiate this statement in so faras they show 
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Fig. 1. Partition of extra sulfur in experimental periods 


that in cystinuria there is no failure to demethylate methionine 
or to convert homocysteine into cysteine. The observation that 
only homocystine and cystine are found in the 24 hour specimens 
of urine following the administration of homocysteine demon- 
strates again the possible rédle of the kidney in the oxidation- 
reduction mechanisms of the —SS— and —SH systems. 
Regarding the metabolic interrelationship between cystine 
and methionine (21, 22), our previous findings (3, 4) point to a 
conversion of methionine into cysteine. The present investigation 
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indicates that homocysteine is apparently the first? major inter- 
mediate in this series of reactions. ‘The further steps involving 
the conversion of homocysteine to cysteine await experimental 
elucidation. The mechanism of this conversion into cysteine 
may involve the whole of the homocysteine molecule or only its 
sulfhydryl group. In the latter case, homocysteine would func- 
tion in the animal body as a hydrogen sulfide carrier or donor in 
the formation of cysteine or its peptides from unsaturated com- 
pounds (peptides or amino acids like aminoacrylic acid (25)) 
along the line suggested by model experiments (26); cf. (27). 
Experiments with other sulfhydryl compounds are being con- 
ducted to ascertain whether such a function is restricted in the 
animal body to homocysteine and its precursor, methionine. 

We have previously (4) pointed out that cystine and cysteine 
should be considered as two individual amino acids, and that 
the —SS— and —SH forms of an amino acid are not as inter- 
changeable in intermediary metabolism as has been assumed 
generally. The present investigation confirms and extends these 
views by the results of experiments with homocystine and homo- 
cysteine. Homocystine, like cystine, can be oxidized to inor- 
ganic sulfate without previous reduction,® again indicating that 
there exist separate mechanisms for the oxidation of —SS— and 
—SH compounds. 

In Fig. 2 an attempt is made to describe schematically the 
metabolic interrelationships between the sulfur-containing amino 
acids. The diagram is, however, not necessarily descriptive of 
the catabolic behavior of these amino acids as long as they still 
are a part of a protein or peptide molecule. Our previous experi- 
ments have shown that the metabolic pathway of an aminoacid 
may vary markedly, depending upon whether it is catabolized as 


7 In contrast to methionine, demethylation of methyl-S-cysteine is not 
the first step in the catabolism of the latter (23, 24). In the synthetic com- 
pound, methyl-S-cysteine, methylation blocks the sulfhydryl group and 
prevents its physiological utilization, while in the case of methionine the 
methyl radical protects a potential—SH group, which may be liberated 
when required. We are investigating whether the y position of the sulfur 
in methionine and homocysteine is of special significance in the chemical 
and physiological reactivity of these compounds. 

8 Other experiments (11) demonstrate that under conditions the animal 
organism can apparently reduce homocystine to homocysteine (cf. (4) p. 79). 
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the free amino acid or in combined form as a peptide (cf. behavior 
of cysteine and of glutathione (4)). 

It should also be pointed out that the equilibria illustrated in 
the diagram are subject to the environmental influences ofthe 
living organism. If, e.g., a state arises in which the oxidation of 
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Fig. 2. Catabolism of the sulfur amino acids 


homocysteine to homocystine is accelerated and the conversion 
of the former into cysteine is retarded, then it is possible that in 
spite of the ingestion of large amounts of methionine® the organ- 


* On the basis of the observations of Itter, Orent, and McCollum (28) 
on the possible réle of the sulfhydryl group in vitamin By, deficiency, it 
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ism can, in the absence of preformed cystine and cysteine, suffer 
from a cysteine deficiency. 

It appears that the crucial step in the transformation of meth- 
ionine to cysteine is the maintenance of homocysteine in its 
reduced state. Thus, methionine can be ‘‘wasted’”’ by being 
converted into homocystine instead of yielding cysteine. In such 
instances, which are, however, probably pathological rather than 
physiological states, cysteine (cystine) becomes a necessary 
dietary component. 


SUMMARY 


1. The metabolism of homocystine and homocysteine was 
investigated in a case of cystinuria. 

2. Homocystine, like cystine, is almost completely oxidized, a 
small part being excreted apparently unchanged. Homocysteine, 
like cysteine and methionine, is excreted largely as extra cystine 
and partly as homocystine. Only a small amount is oxidized to 
inorganic sulfate. Previous conclusions regarding various phases 
of intermediary sulfur metabolism are substantiated by the 
findings with homocystine and homocysteine. 

3. Homocysteine is apparently the first major intermediate in 
the conversion of methionine into cysteine. Further possible 
steps in this series of reactions are discussed. 

4. It appears that the crucial point in the transformation of 
methionine to cysteine is the maintenance of homocysteine in 
its reduced state. Thus methionine can be “wasted”? by being 
converted into homocystine instead of yielding cysteine. 

5. Although cysteine (cystine) is not an essential amino acid, 
since it can be synthesized by the animal from methionine, never- 
theless in certain instances it may become a necessary dietary com- 


ponent. 


would appear that the complicated mechanisms involved in the tranforma- 
tion of methionine into cysteine are interfered with under certain condi- 
tions, as for instance, on a flavin (vitamin B, (?))-deficient diet. Thus, 
such a derangement of sulfur metabolism may play a part in the metabolic 
disturbances observed in the vitamin G or Bz syndrome. 
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The literature upon the occurrence of lactose in blood is not 
extensive. Data are available which show the effect of certain 
experimental procedures, such as the injection of lactose directly 
into the blood stream (Bernheim and Schlayer, 1925), and the 
accumulation of lactose when the normal outflow of milk is inter- 
fered with by inflating the udders of lactating cows with air 
(Sjollema, 1927, b), but there seem to be few satisfactory results 
available upon lactosemia in normal men and women, and upon 
women during pregnancy and lactation. The reason seems to be 
that the concentration of blood lactose in these conditions is very 
low, and that no entirely satisfactory method for studying it has 
as yet been described. A number of attempts have been made to 
develop such a technique. Four recent papers on this subject 
may be mentioned specifically. Winter (1932) used physico- 
chemical methods and acid hydrolysis for the purpose, but, work- 
ing with blood samples as large as 271 cc., he was not able to show 
the presence of lactose in the blood of women 3 to 5 days after 
parturition when lactosuria is usually present (Watkins, 1928). 
Sjollema (1927, a) described a method which was applicable to 
much smaller amounts of blood. He used differential adsorbents 
in treating blood filtrates prepared according to the technique of 
Folin and Wu (1919) and was able to show the presence of an 
increase in the lactose of the blood after he inflated the udders of 
lactating cows with air (Sjollema, 1927, b). The rather high con- 
centration of reducing substance in the fraction which included the 
lactose (20 mg. per 100 cc.) made interpretation of results under 
physiological conditions difficult. Kowarski (1925) determined 
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the effect of acid hydrolysis upon blood sugar. His method re- 
quired only small amounts of blood (approximately 2.5 cc. of 
serum), but the error was between 0.004 and 0.010 per cent. This 
error was so great as to render interpretation of results upon 
human blood difficult. A fourth method was described in an 
abstract by Hubbard and Kingsbury (1930). It was based upon 
the differential fermentation procedures described by Castellani 
(1917, 1919, 1928) and the blood sugar method of Folin and Wu 
(1920). Lactose in concentrations as low as 5mg. per cent could 
be satisfactorily demonstrated, but it is clear from the results 
reported below that such a degree of precision is not sufficient for 
the study of human blood under physiological conditions. 

' The present paper contains a description of a modification of 
the procedure last mentioned, which is more sensitive and in some 
respects more convenient than the one previously described, to- 
gether with a report of the results of its application to a series of 
75 plasma specimens from 71 human subjects. The essential 
points of the technique are the preparation of duplicate sterile 
specimens of plasma, the inoculation of one with Bacterium colt, 
which destroys all common sugars, and of the other with a strain 
of Bacillus proteus, which destroys most common sugars except 
lactose,’ the incubation of both specimens for 18 hours, and the 
determination of the residual reducing power, after removal of 
protein and organisms, by a modified Folin-Wu technique (Hub- 
bard and Allison, 1928). The lactose is calculated from the differ- 
ence in reducing power of the two plasma preparations. The 
exact procedure is given below. 

Preparation of Plasma—Approximately 10 cc. of blood were 
drawn into a syringe containing potassium oxalate, and were trans- 
ferred to a centrifuge tube. The tube was then stoppered and 
centrifuged 15 minutes at high speed. Two portions of plasma 
of 2 cc. each were measured into 15 ce. centrifuge tubes. Sterile 
precautions were observed throughout this portion of the 
procedure. 

Inoculation, Preparation of Organisms, and I ncubation—One of 


1 Neither lactose nor xylose was fermented by the strain of Bacillus 
proteus used, and both would, therefore, be determined by the method. 
Xyloketose was not attacked by either organism, and its presence, there- 
fore, would not affect the determination. 
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the tubes just described was inoculated with 0.5 cc. of a heavy 
suspension of Bacterium coli and the other with a similar prepara- 
tion of Bacillus proteus. For preparing these suspensions agar 
slants were heavily seeded with the organisms the day before they 
were to be used. After 18 to 24 hours incubation 3 cc. of water 
were poured over each slant, the organisms detached, and sus- 
pended by the aid of a platinum loop. After inoculation the 
centrifuge tubes were placed in an incubator at 38° for 18 hours. 
Careful sterile technique was observed to prevent contamination 
of the material. 

Precipitation of Protein and Organisms—After incubation pre- 
cautions to insure sterility were unnecessary. Protein and organ- 
isms were removed by a method similar to one described by 
Somogyi (1930). 3.5 cc. of water, followed by 2 cc. of 7 per cent 
copper sulfate, were added and the mixture thoroughly stirred 
with a glassrod. 2 cc. of 10 per cent sodium tungstate were then 
added, and the mixture again thoroughly stirred. The tubes were 
then centrifuged, and 2 .cc. of the supernatant fluid of each 
measured into Folin-Wu sugar tubes. : 

Determination of Reducing Power—The “sugar” analysis was 
carried out by the method of Folin and Wu, which was slightly 
modified because the amount of reducing substance present was 
very small. These modifications were: (a) the preparation of the | 
copper solution every month; when this was done the blank was 
practically completely colorless; (b) the direct comparison of the 
tubes without dilution after heating. If the colors were the same 
in both tubes, lactose was not present in the plasma in concentra- 
tions greater than 1 mg. per 100 cc. If lactose was present in 
concentrations greater than this, the color produced by the solu- 
tion treated with Bacillus proteus was greater than that given by 
the one inoculated with Bacterium colt. 

Quantitative Determinations—In a great majority of the analyses 
lactose was either absent from the plasma, or present in amounts 
below the limit of sensitiveness of the method. Ina few instances, 
however, it seemed to be in sufficiently high concentration to war- 
rant an attempt at quantitative determination. This was done 
by preparing a series of six standards containing 0.0, 0.2, 0.4, 
0.6, 0.8, and 1.0 mg. of lactose in 100 cc. of distilled water. In 
practise these were prepared by dilution from a stock solution con- 
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taining 800 mg. of lactose in a liter. 2 cc. portions of each of these 
standards were measured into Folin-Wu sugar tubes, and analyzed 
simultaneously with the tubes prepared from plasma by the 
technique already described. The color of each of the “unknown” 
solutions was then compared with that of the standard nearest 
to it in tint, and lactose calculated by means of the following 
formula in which A represents the specimen fermented with 
Bacterium coli and B the one treated with Bacillus proteus. 5 X 
(reading of B — reading of A) = mg. of lactose per 100 cc. of 
plasma. 

This method differed from that described by Hubbard and 
Kingsbury (1930) in a number of ways. The pathogenic organ- 
ism, Bacterium paratyphosum, was replaced by a non-pathogenic 
one. In place of Folin and Wu filtrate, untreated material was 
inoculated ; this made it possible to increase the proportion of blood 
in the solution finally analyzed. Somogyi’s (1930) method was 
used for precipitating proteins, and plasma was taken for analysis 
instead of blood; these changes reduced the amount of non-sugar re- 
ducing compounds present (Hubbard and Allison, 1928; Somogyi, 
1928, 1930). The new procedure required a somewhat higher 
degree of technical care than did the one previously described, for 
it was necessary to observe sterile precautions more exactly, and 
to use a larger bulk of organisms for the inoculations, but the 
advantages appeared decidedly to outweigh the disadvantages. 

In standardizing the method lactose was added to plasma in 
a number of experiments, and the recovery determined by the 
quantitative method described. When 2 mg. of lactose per 100 
cc. or more were added, the recovery was satisfactory. When lac- 
tose was added to give concentrations of 1 mg. per 100 cc., the 
presence of the sugar was frequently but not regularly demon- 
strated. The limit of sensitivity of the method, therefore, is 
approximately 1 mg. of lactose per 100 cc. of plasma, and the 
significance of findings lower than this must be regarded as 
questionable. 

Various other sugars found in biological fluids were added to 
plasma in amounts which gave concentrations of 40 mg. per 100 
ec., and the plasma so prepared carried through the double inocula- 
tion and analysis. Dextrose, levulose, maltose, galactose, and 
arabinose were completely destroyed by both organisms, but xylose, 
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while it was completely destroyed by Bacterium coli, was not at 
all affected by the strain of Bacillus proteus used. Xylose, there- 
fore, would be determined together with lactose if it were present 
in blood. | 


TABLE I 
Studies of Pregnant Women 


yrs. 

1 | 20/ 1st | 7th}; — + | Blood pressure 160/95; otherwise 
normal 

2 | 20 | 3rd 8th}; — + | Normal 

3 | 29 | 3rd |} 4th; — + | Rheumatic heart disease; mitral steno- 
sis; cesarean 

4 | 23 | 2nd| 9th| — + | Normal 

5 | 20} 1st | 8th] — + 

6 | 28) Ist | 4th ++ 

7 | 20} Ist | 8th ? + " 

8 | 29 | 2nd} 7th} — | ++ 

9 | 6th; — 

10 | 27 | 7th | 5th} — + | Blood pressure 146/90; otherwise 
normal 

11 | 29; Ist | 7th} — + | Blood pressure 150/96; cesarean 

12 | 20 | 1st | 7th; — + | Normal 

13 | 30 | 3rd | 9th | — + 

14 | 28 | 3rd | 7th ? + . 

15 | 21|3rd | ? + 


Results of plasma lactose determinations marked ? corresponded ap- 
proximately to 0.5 mg. of lactose per 100 cc., a figure below the probable 
sensitivity of the method. Results are recorded as — when no difference 
between the color of the two tubes prepared from plasma could be detected. 

Under “‘Urine ‘lactose’ findings’’ are recorded the results of tests carried 
out with Benedict’s qualitative copper reagent on specimens voided on the 
day when the blood specimens were taken. 


Determinations of the lactose in the blood of five laboratory 
workers (three men, two women) and of fifteen patients in the 
men’s ward were carried out. In no instances were satisfactory 
positive results obtained. Twelve specimens showed some appar- 
ent difference between the color of the two tubes, and in nine of 
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these the color of the tube treated with Bacillus proteus was the 
more intense. When quantitative analyses were carried out, this 
color was found to correspond approximately with that given by 
0.5 mg. of lactose per 100 cc. of plasma. Such a value lies well 
below the probable sensitivity of the method, as shown by the re- 
sults already described, and no emphasis, therefore, can properly be 
placed upon the figures. It is possible that a very small trace of 
lactose, or of some other sugar not destroyed by Bacillus proteus 
was present in some instances, but it is also possible that the results 
sometimes represented undetected variations in technique. 

The method was also applied to plasma from fifteen pregnant 
women. ‘The results are shown in Table I. The patients were 
selected for study because a positive reaction for sugar was ob- 
tained with Benedict’s qualitative copper reagent (Benedict, 1911) 
shortly before the blood was drawn. In spite of the abnormal con- 
centration of urinary sugar present, results upon these pregnant 
women were more nearly uniformly negative than were those ob- 
tained in the control series discussed above. Only two gave doubt- 
ful reactions, which corresponded approximately to concentrations 
of 0.5 mg. of lactose per 100 cc. of plasma; the rest were completely 
negative. No complication of the pregnancy was found in either 
woman upon whose plasma a questionable result was obtained. 

It has been repeatedly stated that lactosuria frequently occurs 
during the first part of the puerperal period, and some have claimed 
that the sugar present at this time is always lactose (Brock and 
Hubbard, 1935). It seemed worth while, therefore, to analyze 
plasma drawn during this period from a series of women. The 
results of the thirty-eight determinations made upon thirty-six 
women in the puerperal state are given in Table II. In most in- 
stances the studies were carried out soon after a sample of urine 
giving a positive reaction for sugar with Benedict’s qualitative 
copper reagent was voided. 

Table II shows that a fair proportion of the women showed a 
demonstrable degree of lactosemia, but that, in spite of the method 
used in selecting the subjects for the study, many of them did not. 
The amount of lactose present was always small. In none of the 
ten specimens in which lactose was found did the concentration 
approximate 5 mg. per 100 cc. (Samples of plasma to which 
lactose was added to give this concentration were usually analyzed 
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simultaneously with those reported.) As far as could be told by 
application of the quantitative technique described, it measured 
approximately 2 mg. per 100 cc. of plasma. This figure lies quite 
close to the limit of sensitivity of the method, and it has seemed 
most correct to report the results as positive without assigning 
numerical values to them. Not only were there a number of 
positive findings in this group, but the percentage of doubtful 
values, where lactose was apparently present in concentrations of 
approximately 0.5 mg. per 100 cc., was also somewhat high. 
Analysis of sixteen of the specimens of plasma, however, gave 
results which were completely negative. 

When an attempt is made to correlate the results of these 
analyses with the other data which are available, it is found that 
there is apparently no relationship between the number of 
previous pregnancies and the presence of a demonstrable degree 
of lactosemia, for one positive test was obtained upon a primipara 
and another upon a woman after her fifth delivery, and negative 
tests were obtained upon women with similar histories. Neither 
was there any relationship between the results and the ages of the 
patients, for one of the two oldest and one of the two youngest 
gave positive results, while the finding upon the other member of 
each pair was negative. 

There was, it seems to the authors, a fairly definite relationship 
between the results and the time which had elapsed after the 
delivery of the patients. 80 per cent of the positive results were 
obtained on the 4th to the 7th day after delivery, while only 41 
per cent of the tests were made within this period. The converse of 
this statement is not true, for four completely negative results were 
obtained at comparable periods, but the contrast with the findings 
before the 4th and after the 8th day is nevertheless striking. 
Since this is the period during which a marked lactosuria has been 
described, the relationship is probably significant. 

A satisfactory comparison of the blood studies with the urinary 
sugar findings is more difficult. In all experiments, except Ex- 
periment 4, a specimen of urine was tested within a day of the time 
when the blood analyses were made, and in twenty-six of the 
thirty-eight studies the urine was obtained upon the day the blood 
was taken. In eight experiments in which positive results were 
found in the blood analysis the urine was positive by Benedict’s 
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TABLE II 
Studies of Lactating Women 


Blood lactose 
study 
Series Age “i setae, Course of d i 
No. child | Day | Result | findings 
deliv- | plasma 
ery {analysis 
yrs. 
1 | 32|}4th | 4th; — —* | Normal 
2 | 28 | 2nd | 11th ? None ' 
3 | 23 | 2nd | 5th ? + Sepsis 6th day after delivery 
4 |29/4th | 9th | + |—(+1)} Normal 
| 21 | 2nd; 9th ? +* 
6 | 22/ 1st | 8th 
7 | 25 |2nd| 8th + 4 
8 | 38 | 5th | 4th | + 
9 | 36 4th | 2nd +4 
10 | | 2nd; — Postpartum sepsis 
11 | 20 | 1st | 5th oa + Normal 
12 | 29 | 2nd | 11th ? + cs 
13 | 25 | 2nd| 3rd ? 
14 | 32 | 5th | 1lth | — None except bronchial asthma 
15 | 34} 5th | Ist ? + ™ 
16 | 20 11th ? aa Eclampsia; convulsions 2 days after 
labor; prompt recovery 
17 | 20} 1st | 7th + (—1) | Normal 
12th (+1) 
18 | 31 | 5th | 4th | + + 
7th | + + 
19 | 28 | 5th | 7th (—2) 
20 | 8th |+(4+1) 
21 | 1st | Sth +* 
22 | 21 |2nd/ 3rd (—1) 
23 | 31 |} 4th | Sth +* 
24 | 24 | Ist | 13th + + sip 


The results of urine tests carried out by Benedict’s qualitative method 
are given under the heading ‘Urine ‘lactose’ findings.’’ Results on speci- 
mens not obtained on the day when the blood studies were made have been 
enclosed in parentheses: (1) means the specimen was voided on the day pre- 
ceding, (2) on the day following, and (3) 2 days after the blood study. 

Under the heading ‘‘Blood lactose studies’’ + represents a concentration 
of approximately 2 mg. per 100 cc., ? a possible concentration of approxi- 
mately 0.5 mg. per 100 cc., and — no demonstrable amount of lactose. 

* The specimens were tested for lactose by differential fermentation. 
The results in each instance were positive. 
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TABLE II—Concluded 


Blood lactose 
study 

child | Day | Result | ndings 

deliv- | plasma 
ery analysis 
yrs. 

25 | 21 | Sth | + ++ | Preeclamptic toxemia; albumin 
+++; blood pressure 170/114; 
recovery 

26 | 28 | 3rd | 3rd (+2) | Normal 

27 | 24/ 1st | 6th ? + 

28 |} 18 | 1st | 5th | + +* 

29 | 23 /1st | llth | — (—3) 

30 | 20) Ist | 11th ? +> 

31 | 28 3rd ? +* " 

32 | 3rd | 4th} + /+(-1, 

2) 

33 | 24/4th | 38rd | — “ 

34 | 19 | 2nd |10th | — (+3) 

35 | 20} 1st | 5th ? (—1) 

36 


test. In this series, however, as in the one upon pregnant women, 
the blood frequently contained no demonstrable amount of lactose 
when the urine was strongly positive for sugar. In five instances 
differential fermentation of the urine showed that lactose was pres- 
ent. From these results it seems probable that the renal threshold 
for lactose is very low. Whether all of the discrepancies between 
the blood and urine analyses result from this cause, or whether 
there are marked fluctuations in the rate at which lactose enters 
the blood, and, consequently, in the rate at which it is excreted in 
the urine, is uncertain. Three of the experiments, those upon 
Patients 4, 17, and 32, make it seem probable that such variations 
may take place, for in these instances specimens of urine gave 
conflicting results, and lactose was demonstrated in the blood of 
each patient. In each of the other experiments in which the result 
of the urine test was negative, the blood lactose analysis was either 
negative or questionable. 
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SUMMARY AND CONCLUSION 


A study of the concentration of lactose in human plasma has 
been made by a method which will demonstrate the sugar in con- 
centrations as low as 1 to 2 mg. per 100 cc. Lactose was either 
absent from, or present in concentrations too low to be demon- 
strated with certainty in all specimens from normal subjects and 
from pregnant women. Ten of thirty-eight specimens of blood 
from lactating women during the first part of the puerperium con- 
tained approximately 2 mg. of lactose per 100 cc. of plasma. Most 
of the positive findings were made upon specimens drawn between 
the 3rd and 8th days after delivery. The remainder of the speci- 
mens, including eight drawn within the period just mentioned, gave 
results similar to those obtained upon normal subjects and preg- 
nant women. Since the urine of most of these lactating women 
contained an unusual amount of sugar, which is commonly believed 
to be lactose, and which was shown to be that sugar when specific 
analytical methods were used, the renal threshold for lactose must 
be very low. 
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THE AVAILABILITY OF CALCIUM FROM SOME 
TYPICAL FOODS 


By M. L. FINCKE anp H. C. SHERMAN 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, May 17, 1935) 


McClugage and Mendel (1) found the calcium of carrots and 
spinach to be poorly utilized by dogs. Rose (2), in calcium 
balance experiments with healthy young women whose intake 
was close to the estimated minimum for equilibrium, found the 
calcium of carrots almost as well utilized as that of milk, the car- 
rots furnishing half or more of the total calcium of a mixed diet. 
Blatherwick and Long (3) likewise concluded that the calcium (as 
well as the phosphorus) of vegetables was satisfactorily utilized 
in meeting the maintenance requirements of healthy young women. 
They fed several vegetables—asparagus, cabbage, celery, lettuce, 
spinach, and summer squash—in the same experimental ration. 
Sherman and Hawley (4), studying the calcium balances of grow- 
ing children, found that the retention of calcium was more variable 
but always less favorable when half of the milk of the diet was 
replaced by a carefully prepared mixture of vegetables (carrots and 
spinach with or without celery or string beans) which provided 
the same amount of calcium—the same total calcium intake. The 
calcium of this mixture of vegetables was clearly less well utilized 
than that of milk in these experiments with 3 to 13 year-old 
children. 

Rose and MacLeod (5) found that the calcium of almonds when 
constituting 73 per cent of the total calcium intake was well 
utilized; but when 85 per cent of the dietary calcium came from 
almonds the availability of the calcium appeared lower and much 
more variable. McLaughlin (6) compared the calcium balances 
of healthy women on a diet in which 73 per cent of the calcium was 
from spinach with one in which 79 per cent was from milk. Both 
diets furnished considerably more calcium than the average re- 

421 


* 
2 
~ 


422 Availability of Calcium 


quirement for maintenance, so that there was always equilibrium 
or calcium retention. While the spinach diet with a slightly higher 
calcium intake gave a markedly lower retention, McLaughlin con- 
cluded that the positive balances demonstrate at least a partial 
utilization of the calcium of the spinach. 

Bloom (7) found that storage of calcium in 2 month-old rats 
was less when spinach supplied 10 per cent of the calcium of the 
diet than when spinach ash corresponding to an equal amount of 
spinach was fed. That this was not due to the spinach fiber was 
shown by the fact that an equal amount of fiber (ashless filter 
paper) added to the diet containing spinach ash had no effect upon 
the calcium balance. She also showed in other experiments that 
even much larger amounts of fiber had little if any effect upon the 
utilization of dietary calcium by growing rats 1 month or more of 
age. 

Edelstein and coworkers (8), studying mineral balances during 
the feeding of vegetables to children, found that spinach feeding 
lowered the calcium retention slightly, while the feeding of carrots 
produced no such change in the calcium balance. Schlutz, Morse, 
and Oldham (9) on feeding dried spinach to babies also reported a 
low utilization of its calcium, not attributable to the cellulose. 

From experiments with adults, Mallon, Johnson, and Darby 
(10) find good utilization of the calcium of leaf lettuce; as did 
Adolph and Chen (11) for the calcium of soy beans and soy bean 
curd cheese. 

In view of this apparently conflicting evidence of the availability 
of calcium of vegetables, the present investigation was undertaken 
to study the storage of calcium by the animal body when that ele- 
ment is supplied almost entirely by milk, or about half by milk and 
half by either of two typical green vegetables, spinach and kale. 
Spinach has a relatively high oxalate content; whereas kale had 
been reported to be free from oxalic acid. 


EX PERIMENTAL 


The spinach was bought in the open market in New York at 
various times during the winter of 1933-34. The roots were re- 
moved, the leaves thoroughly washed, rinsed in distilled water, 
air-dried, and dried in an oven at 100°. It was then finely ground, 
and the whole amount thoroughly mixed and sampled for analysis. 
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Likewise the kale was bought from time to time during the same 
winter; the leaves, after being stripped from the central stem, were 
washed, dried, ground, and sampled in the same way as the spin- 
ach. The same lot of skim milk powder was used throughout this 
entire investigation. 

The composition of the diets in the first series is shown in Table 
I. The milk or control diet approximates Diet B of this laboratory 
(two-thirds whole wheat, one-third whole milk powder, 1.3 per cent 
sodium chloride), except that the milk was here used in the form of 
skim milk powder and butter fat. 

Healthy young rats 28 to 29 days old which had been reared on 
Diet B of this laboratory were placed in individual cages with 


TABLE I 


Composition of Diets Containing Equivalent Amounts of Calcium 


Control diet Spinach diet Kale diet 
parts parts parts 
Skim milk powder................. 22 11 11 


raised screen bottoms and kept on the experimental diets until 
60 days old. In all cases, litter mates of the same sex were com- 
pared, and the average initial weights of the animals on the three 
different diets were képt as close together as possible. Food and 
distilled water were available to the animals at all times. 

At 60 days of age the rats were killed with chloroform and 
brushed to remove any food particles from the fur. The gastro- 
intestinal tract was dissected out, the contents removed, and the 
weight of the contents subtracted from the final weight of the rat 
to give net weight, which was used as a basis in all calculations. 
The alimentary tract was discarded to avoid possible inclusion of 
food residues. It had been shown previously in this laboratory 
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that the calcium in the walls of the intestinal tract is negligible. 
The body of the animal was ashed, at first over a low flame and 
later at dull red heat in a muffle furnace. The ash was dissolved 
in hydrochloric acid, the solution made up to 500 ce. in a volu- 
metric flask, and stored in glass-stoppered bottles. Aliquots of 
this solution were analyzed for calcium by the modified Mc- 
Crudden method (12). 

The bodies of males on the control diet contained an average of 
0.79 per cent calcium, on the spinach diet 0.65 per cent, and on the 
kale diet 0.87 per cent calcium. The bodies of the females con- 
tained averages of 0.86 per cent calcium on the control diet, 0.73 
per cent on the spinach diet, and 0.92 per cent on the kale diet. 
It is apparent that the animals on the spinach diet stored calcium 
to a less extent than those on either of the other diets. The ani- 
mals on the kale diet contained a higher percentage of calcium than 
those on the milk diet, but this is only because the animals on the 
milk (control) diet grew at a more rapid rate, the growth per gm. 
of food being greater on the control diet than on the kale diet. 
Growth of animals on the spinach diet was essentially like that 
on the kale diet but their storage of calcium was much less. To 
obtain a more exact basis of comparison, a calcium utilization 
factor was calculated. This was obtained by dividing the weight 
of calcium stored in the body while the animals were on these 
experimental diets, by the weight of calcium ingested in the food 
during the same period. The amount of calcium stored was found 
by subtracting from the total amount of calcium in the body at 
60 days the estimated amount of calcium in the body at 28 days, 
the average percentages obtained by MacLeod and by Booher of 
the calcium content of rats 28 days old reared on the same diet 
(Diet B) being used—0.67 per cent for males and 0.74 per cent for 
females (13). This factor of availability or utilization of calcium 
has an average value of 0.77 for females on both the control and 
the kale diets, and 0.44 for those on the spinach diet. For the 
males the factor is 0.86 for the control diet, 0.81 for the kale diet, 
and 0.40 for the spinach diet. 


In a second series of experiments, the fiber content of all three 


diets was made equal by adding kale fiber to the milk and spinach 
diets. Dried kale was extracted for half an hour with boiling 1.25 
per cent sulfuric acid, washed, and then extracted for half an hour 
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with boiling 1.25 per cent sodium hydroxide. After thorough 
washing with hot water and hot 95 per cent alcohol, it was dried 
and ground in a small hand mill. This extracted fiber was used 
in the control and spinach diets so that the added fiber should be 
the same kind as that in the kale diet. The dried spinach and 
dried kale were analyzed for crude fiber by the method of the 
Association of Official Agricultural Chemists, allowance being 
made for loss of carbon dioxide from the oxalate of the spinach in 
igniting the fiber. The dried kale contained 7.8 per cent crude 
fiber and the dried spinach, 7.7 per cent. As a larger amount of 
kale than of spinach is necessary to provide the same weight of 


TABLE II 
Composition of Diets Containing Equal Amounts of Calcium and Fiber 
Control diet Spinach diet Kale diet 
parts parts parts . 
Skim milk powder................. 22 11 11 
Dried 
Protein (N X 6.25), %............. 15.6 14.8 16.6 


calcium, it was necessary to add some fiber to the spinach diet to 
make the fiber content of the two diets the same. The composi- 
tion of the diets in the second series is shown in Table II. 

Healthy rats 28 to 29 days old, reared on Diet B, were placed in 
strict litter mate comparison on each of these three diets and 
treated in all respects as were those of the first series. At 60 days 
of age they were killed and their bodies analyzed as were those in 
the first series. Here, also, the animals grew normally and the 
gains were essentially alike for the three diets. 

In view of the smallness of the difference in calcium utilization, 
large numbers of cases would be required for a conclusive com- 
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parison between the utilization of calcium in kale and in milk; the 
difference between the control and kale diets on the one hand and 
the spinach diet on the other hand, however, is great. Judging 
from these data, it is evident that the calcium of spinach is utilized 
poorly, if at all. The calcium stored from the spinach diet may 
have come entirely from the milk which it contained. That this 
low availability of the spinach calcium is not due to the presence 
of fiber is indicated by the good utilization of the calcium of kale, 
practically the same as that of milk, although kale is fully as fibrous 
as spinach. Statistical analysis of all the data shows this relation- 
ship more clearly. The average calcium utilization factors are 
given in Table III. The difference between the calcium utilization 
factors of the control and kale diets for males is 0.05, while the 


TABLE III 


Average Calcium Utilization Factors of Diets in Which Calcium Was Fur- 
nished Essentially by Milk, or About Half by Spinach or by Kale 


Average Ca 
Diet Sex* utilization factor and its 

probable error 


* Ten rats of each sex were used for each diet. 


probable error of this difference is 0.02. For females, the difference 
between calcium utilization factors of these two diets is 0.03 with — - 
probable error of this difference, 0.02. These differences, there- 
fore, may or may not be significant. It is probable that the calcium 

of kale is not quite as completely utilized as that of milk, but the 
difference in any case is small. The calcium of kale is obviously 
well utilized. 

In comparing the control diet with the spinach diet, however, 
the difference between the two factors for the males is 0.43 with 
probable error of the difference of 0.02; and the difference for the 
females is 0.34 with probable error of the difference, 0.02. These 
differences are, respectively, 21 times and 17 times their probable 
errors. This, then, is an unquestionable difference, and the differ- 
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ence is large. The calcium of the spinach diet is only about half 
as well utilized as that of the control diet. The calcium of the 
spinach itself is utilized very poorly, if at all. 

Inevitably the oxalate content of the spinach suggests itself in 
connection with this experimentally established fact that the 
calcium of spinach is utilized so poorly if at all. A full considera- 
tion of the effect of oxalate, even upon the absorption and metab- 
olism of calcium, would lead beyond the scope of the present 
investigation. A few experiments with added oxalate were, how- 
ever, made. In these, animals were fed the control or the kale 
diet with sodium oxalate added in such quantity as to make the 
oxalate content of the diets equal to that of the spinach diet 
(1.2 gm. of sodium oxalate added to each 100 gm. of diet). These 
animals were in strict litter mate comparison with rats on the same 
diets without added oxalate, and were treated in all respects as 
were all the other animals in these experiments. Adding the 
oxalate resulted in decreased percentage of calcium in the body and 
decreased calcium utilization factor, although this factor was not 
lowered to the level of that of the spinach diet. The average 
calcium utilization factor for the males receiving the oxalated 
diets (nine cases) was only 62 per cent as great as the average for 
their litter mate controls receiving the same diet without added 
oxalate; the females on the oxalated diets (six cases) had an 
average calcium utilization factor 76 per cent as great as the 
average for their litter mate controls on the diets not containing 
oxalate. Thus the simple addition of sodium oxalate either to the 
diet which supplied calcium essentially in the form of milk or that 
whose calcium was essentially half from milk and half from kale, 
gave results which account for about two-thirds of the difference 
between the milk and the kale diets on the one hand and the 
spinach diet on the other. It is, of course, easily conceivable that 
the actual effect of the oxalate in the spinach upon the availability 
of its calcium may be greater than indicated by these simple experi- 
ments with added sodium oxalate; for the latter, being very 
soluble, may be eliminated by the body too rapidly to have as 
great an effect upon the utilization of the calcium as when the 
same amount of oxalate is present already combined with calcium 
and existing, in part at least, as the relatively large crystals of 
oxalate which have been reported as occurring in the cells of 
plants. 
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SUMMARY 


In these experiments healthy young rats of the same known 
nutritional history were placed when 4 weeks old (late weaning 
time) on a diet in which practically all of the calcium was supplied 
by skim milk, or diets in which half of the skim milk was replaced 
by enough dried spinach or dried kale to provide the same amount 
of calcium. At 60 days of age the animals were killed and their 
bodies analyzed for calcium. The calcium of the kale was nearly 
as well utilized as the calcium of the milk, but the calcium of the 
spinach was utilized very poorly if at all. 

The comparison was confined to the displacement of only half 
of the calcium of the control diet by that of spinach, in order that 
the conditions might be comparable to those obtaining in the 
ordinary use of spinach in mixed diets. Doubtless a more striking 
demonstration of the unavailability of the spinach calcium would 
result if this were made a larger proportion of the total food 
calcium at a similar level of intake. 

That the calcium of spinach is utilized so poorly is not attribut- 
able to the presence of fiber; but appears to be at least largely due 
to the oxalate present in the spinach. 

That the failure of spinach in this respect is not shared by green 
leafy vegetables generally is shown by the excellent utilization of 
the calcium of kale in the parallel experiments here reported. 
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The sapogenins which have been isolated from the leaves and 
seeds of Digitalis purpurea are digitogenin C2.Hw.Os, gitogenin 
CosHa2O.1, and an isomeric sapogenin (isolated as the diketone), 
and tigogenin CxsH.O0O3. The early work on digitogenin was 
carried out by Kiliani,! and a more recent investigation of this 
substance and of gitogenin was published by Windaus and co- 
workers.2-* ‘Tigogenin was isolated in 1930 by Jacobs and Fleck.’ 

The formal resemblance between these four sapogenins, together 
with the fact of their common vegetable source, indicated their 
intimate structural relationship. The investigations of Windaus 
have done much to strengthen this view. All four substances are 
tetracyclic in nature and contain 2 oxygen atoms present as oxidic 
linkages; the remaining oxygen atoms are present as secondary 
hydroxyl groups. In the case of digitogenin and gitogenin Win- 
daus has shown that the oxidic linkages are present in an aliphatic 
side chain, and that two vicinal secondary hydroxyl groups are 
situated in one of the rings. ‘The extra hydroxyl group of digito- 
genin, which is likewise of a secondary cyclic nature, appeared to 
be adjacent to a tertiary carbon atom. These findings were repre- 
sented by the provisional Formule I and II. 

The first definite indication that this group of sapogenins con- 
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tains the typical sterol skeleton was furnished by work from this 
laboratory through the isolation from gitogenin of Diels’ hydro- 
carbon CisHi. by dehydrogenation with selenium. This fact was 
recorded in a preliminary note. Although lack of material has 
prevented the characterization of this hydrocarbon as fully as we 
wished, this had already been done in the case of the hydrocarbon 
isolated by us from the dehydrogenation of sarsasapogenin.® The 
combined evidence of dehydrogenation and oxidative degrada- 
tion’: ” points definitely to the identity of the molecular skeletons 
of gitogenin and sarsasapogenin, and hence to the possession by 
the former substance of the sterol ring system. 

Definite proof of the close relationship existing between tigo- 
genin and gitogenin has now been obtained. Oxidation of tigo- 
genin itself or its ketone, tigogenone, with chromic. anhydride in 
acetic acid yielded an acid which proved to be identical with 
gitogenic acid C2>H..O., the dibasic acid obtained by Windaus 
and Schneckenburger*? from gitogenin. This was confirmed by 
the comparison of the dimethyl esters obtained from both sources. 
Tigogenin therefore contains one of the two vicinal hydroxyl 
groups of gitogenin. 

The analyses made in the course of this work have been in- 
sufficient to determine whether tigogenin and gitogenin are 
correctly formulated as CogH4203, and CosH4204, respectively, or 
whether these formule should be revised to the corresponding C27 
formule, as has been found apparently necessary in the case of 
sarsasapogenin.” Similarly, the analyses previously obtained by 
Windaus and coworkers, while not inconsistent with the C27 form- 
ule nevertheless are in closer agreement with the Co. formulation 
originally postulated by them. There is, therefore, no justifica- 
tion for altering this formulation other than that of analogy with 
sarsasapogenin, and this question must accordingly be left open. 
Since the side chains of sarsasapogenin and gitogenin appear to 
be identical®:° and since the methyl group on C,; appears now to 
be the source of the methyl group of Diels’ hydrocarbon," we are 
left only with the assumption that carbon atom (10) carries a 


8 Jacobs, W. A., and Simpson, J. C. E., J. Am. Chem. Soc., 56, 1424 (1934). 
* Jacobs, W. A., and Simpson, J. C. E., J. Biol. Chem., 105, 501 (1934). 
10 Simpson, J. C. E., and Jacobs, W. A., J. Biol. Chem., 109, 573 (1935). 
11 Cohen, A., Cook, J. W., and Hewett, C. L., J. Chem. Soc., 445 (1935). 
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hydrogen atom instead of a methyl group if the Ces formulation 
be retained. 

Provisional conclusions may be drawn regarding the positions 
in the molecule of the hydroxy! groups of the digitalis sapogenins. 
Windaus and Linsert® have oxidized gitogenic acid to a dibasic 
lactone acid C22H320¢, in which the side chain has been shortened 
by 4 carbon atoms. The latter acid on pyrolysis gave a keto- 
lactone C2:H3003 which was oxidized by nitric acid to a dibasic 
lactone acid C2;H300s. From this they concluded that the two 
hydroxyl groups of gitogenin were situated in a 6-membered ring 
and adjacent to a CH2 group. However, the configuration of the 
shortened side chain was unknown at that time, and there was no 
proof that both of the free carboxyl groups in their new acid 
Co2H320¢6 were those originally present in gitogenic acid. Their 
conclusions therefore cannot necessarily be assumed to be valid. 
We have accordingly reconsidered this question in the light of 
the evidence recently obtained from sarsasapogenin. First, a 
comparison of the ease of saponification of gitogenic dimethyl 
ester with that of the dimethyl ester CosH4eO¢ from sarsasapo- 
genin” shows that it contains no resistant ester group. It can 
be saponified completely by 0.1 N alkali. Therefore, the hydroxyl 
groups of gitogenin cannot be in Ring C. Secondly, these 
hydroxyl groups cannot be in Ring B, for the ketolactone C2,;H3003 
produced from a dibasic lactone acid in which Ring B is ruptured 
could not contain the grouping —-CH.—CO— necessary for the 
formation of the acid C2:H300s. Participation in these reactions 
of the first 3 carbon atoms of the side chain to produce the group- 
ing CH.CO appears out of the question since they have been 
shown to possess in all probability the branched chain sterol 
configuration.” The hydroxyl groups must therefore be present 
in Ring A. Consideration of the fact that digitogenic acid is a 
6-keto acid‘ containing the grouping —CO—-CH=_ shows that the 
hydroxyl groups must be attached to C; and “ts in gitogenin in 


order to give the grouping —CHOH-CHOH -CH-CHOH— pres- 
ent in digitogenin.!2 Such an arrangement, with the extra OH 
group of digitogenin on Cs, agrees well with the fact that digito- 


12 The assumption is made that the vicinal OH groups in digitogenin and 
gitogenin are the same. 
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genic acid is unstable and passes over readily into the stable 
stereoisomeric form, digitoic acid. This transformation thus 
corresponds exactly with the facile conversion of dehydrohyodes- 
oxycholic acid into the allo- form™ brought about by the inversion 
of the configuration on C; under the influence of the adjacent (Cg) 


keto group. 
CHOH CHOH _ 
CHOH 
HC 2 
H 


Colla Clty H-CH-CH 
3 


CgHy-CH- CH>:CH,: -CH: 


I Digitogenin Il Gitogenin 
CH; CH 
CH 
HOHC cri, HOHC CHe 
H HOH HOCH CH, 


V=IV with OH on C3 or Cq only 


Our own experience is also in full agreement with these formula- 
tions. Although, as above stated, gitogenic dimethyl] ester is 
fairly readily saponified, one ester group is hydrolyzed much more 
rapidly than the other, and a half ester, containing the free car- 
boxyl group attached to C; and the carbomethoxy group attached 


13 Windaus, A., Ann. Chem., 447, 233 (1926). 
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to Cs, can be obtained. If the hydroxyl groups were attached to 
C, and C3, then the rate of saponification of both ester groups 
resulting from ring cleavage at this point would be expected to be 
the same. Finally, thermal decomposition of gitogenic acid 
yields a pyroketone C25H33O3, isolated as the oxime. 

On the basis of the evidence discussed, the provisional formule 
which we advance for digitogenin, gitogenin, and tigogenin are 
Nos. III, IV, and V, respectively (Co, formulation). However, 
should it be eventually found that these substances possess, like 
sarsasapogenin, 27 carbon atoms, then the extra methyl group in 
all likelihood would be found on carbon atom (10). , 

As regards the identity of the ketone which is obtained from 
both sarsasapogenin and gitogenin on dehydrogenation, it has 
been quite definitely shown that it is not methyl isohexyl ketone, 
as given by Ruzicka and van Veen, since its semicarbazone is 
definitely depressed in melting point when mixed with the semi- 
carbazone of the synthetic ketone.“ The identity of this sub- 
stance is under investigation. However, it is not excluded that 
it may owe its formation to a pyrolytic rearrangement under the 
conditions of the dehydrogenation, so that the carbon skeleton of 
this ketone may not be identical with that of the side chain of 
the sapogenins. 


EXPERIMENTAL 


Dehydrogenation of Gitogenin—40 gm. of gitogenin were heated 
at a bath temperature of 260—280° for 30 minutes in a current of 
nitrogen. The flow of gas was then stopped, and 12 gm. of sele- 
nium were added, followed by a further 8 gm. after 1 hour, with 
the temperature still at 260-280°. During the next hour the 
temperature was slowly raised to 320°, whereupon 8 gm. of sele- 
nium were again added after the first vigorous reaction had sub- 
sided. The temperature was then kept at 310—330° for the next 
2 hours, at the end of which time another 8 gm. of selenium were 
introduced. The remaining 24 gm. of selenium (60 gm. in all) 
were then added at successive intervals of 2,4, and 6 hours. The 
temperature was raised to 340° before the first of these additions 
and was maintained at this point (+5°). The total time of heat- 


14 This substance was kindly supplied to us by Professor I. M. Heilbron. 
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ing was 30 hours. The cold reaction mass was thoroughly ex- 
tracted with ether, and the ethereal solution was dried and concen- 
trated. The viscous fluorescent residue was distilled as follows: 


Pressure| Weight Remarks 
°C mm. gm. 


80-190 | 760 4.00 Very mobile, sharp smelling liquid 
80-170 2-3 | 3.57 Pale yellow, fairly mobile oil 
170-205 2-3 | 5.83 Yellow, viscous oil 
205-290 |. 2-3 | 7.37 Dark colored, glassy resin 


Fraction 1—This was dissolved in an aqueous alcoholic solution 
of semicarbazide acetate and left overnight in an exhausted desic- 
cator. ‘The mass was then treated with water, and the solution 
was extracted with ether. The extract was washed, dried, and 
evaporated, and the residual oil was dissolved in petroleum ether. 
The solid which separated was collected with petroleum ether and 
was recrystallized first from a mixture of this solvent and benzene 
and then repeatedly from ether or benzene. It was finally ob- 
tained in glistening plates which melted constantly at 144.5-145° 
and gave no depression in melting point on admixture with the 
semicarbazone of the ketone obtained by dehydrogenation of 
sarsasapogenin. A mixture of either semicarbazone with that of 
methyl isohexy! ketone (from Professor I. M. Heilbron) melted at. 
130-135°. 


CoH,;,ON;. Calculated. C 58.33, H 10.35 
Found. 58.61, 10.00 


Fraction 3—An ethereal solution of this fraction was converted 
into the picrate, which became crystalline on digestion with petro- 
leum ether. The digestion was twice repeated, and the residue 
was recrystallized from alcoholic picric acid. It was thus obtained 
completely crystalline and free from oil. The hydrocarbon mix- 
ture was regenerated by means of sodium carbonate, and the crude 
product was refluxed with charcoal in alcoholic solution. In this 
way 0.33 gm. of a mixture of white crystalline hydrocarbons was 
isolated. 

This mixture was subjected to systematic fractional crystalliza- 
tion from 95 per cent alcohol by means of the “triangle scheme.” 
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Considerable amounts of high melting material were present, but 
a small fraction was ultimately obtained which melted constantly 
at 124-125° and crystallized in small plates, giving no depression 
in melting point on admixture with the hydrocarben isolated from 
the dehydrogenation of sarsasapogenin. 

The trinitrobenzene derivative crystallized from alcohol in 
bright yellow needles, m.p. 144-145°. Lack of material prevented 
further purification of this compound. 

Gitogenic Acid from Tigogenone and Tigogenin—0.5 gm. of tigo- 
genone was dissolved in 40 cc. of acetic acid to which 5 ce. of 20 
per cent aqueous chromic anyhydride were added, and the mixture 
was heated to 70°. The reagent was used up within 30 minutes. 
After dilution the mixture was extracted with chloroform. The 
chloroform solution was first washed free of acetic’acid and was 
then extracted with dilute sodium carbonate solution. From the 
remaining chloroform solution, containing neutral material, some 
unchanged tigogenone was recovered. After reacidification of 
the sodium carbonate solution the acid reaction product was re- 
extracted with chloroform. This chloroform solution left on 
concentration a resin which crystallized under acetic acid. The 
substance was collected with acetic acid and then recrystallized 
from dilute acetone. Like gitogenic acid which was prepared from 
gitogenin, it melted at 244° after preliminary sintering, and gave 


no depression when mixed with gitogenic acid. [a]?? = —61.0° 
(c = 0.57 in acetone). Gitogenic acid prepared from gitogenin 
gave [a]?”> = —60.0° (c = 0.95 in acetone). For analysis the sub- 


stance was dried at 110° under reduced pressure. 


CosH 4005. Calculated. C 69.59, H 8.99 


20s. “70.08, 9.16 
Found. 69.78, 9.19 

“70.14, “ 8.85 

“ 69.74, “ 9.04 


When tigogenin itself was used in the above procedure the re- 
action appeared to be somewhat less clean cut, but also yielded 
gitogenic acid. However, the use of tigogenone for oxidation re- 
moved all uncertainty (although this seemed remote on analytical 
grounds) of a possible contamination with gitogenin. The latter 
is definitely removed in the isolation of tigogenone. 
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Gitogenic acid, which we prepared according to Windaus and 
Schneckenburger from gitogenin, gave the following analytical 
figures. 


Found. C 69.98, H 9.08 
70.00, 8 89 
‘* 69.98, ‘* 9.08 


Gitogenic Dimethyl Ester—For further comparison the esters 
were prepared from the acids from both tigogenone and gitogenin 
with diazomethane. Both esters formed leaflets or platelets from 
methyl alcohol and melted at 145°. A mixture of the two gave no 
depression. 


Calculated. C 70.54, H 9.31 


CosH 70.97, ** 9.45 
Found. ** 70.68, 9.18 
** 70.73, 9.17 


The ester prepared from gitogenin gave the following figures. 


Found. C 70.98, H 9.27 
70.78, 9.31 
** 70.77, ‘* 9.29 


Gitogenic Monomethyl Ester—The greater stability of one of the 
ester groups of the dimethyl ester was shown in titration experi- 
ments. 

13.365 mg. of the dimethyl ester were refluxed for 2 hours in 2 
ec. of alcohol and 3 ce. of 0.1 N NaOH and titrated back against 
phenolphthalein. Calculated for 2 equivalents, 0.562 ec.; found, 
0.433 ce. 

13.483 mg. when refluxed under the same conditions, but for 4 
hours, consumed 0.512 ce. Calculated for 2 equivalents, 0.566 ce. 

0.15 gm. of the dimethyl ester was dissolved in 20 cc. of hot 
alcohol. On addition of 30 ec. of 0.1 N NaOH the ester reprecipi- 
tated, but on gentle heating solution gradually occurred. After 10 
minutes solution was complete, but the heating was continued for 
5 minutes more. On dilution and cooling, the solution remained 
clear. The half ester was precipitated then by acidification with 
acetic acid. After recrystallization from dilute acetone it melted 
at 200-203° to a paste which cleared at 206°. It formed needles 
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from methyl alcohol, which softened above 205° and very slowly 
melted at 210°. 


C:7Hw2O0.. Calculated. C 70.08, H 9.16, OCH; 6.71 
Oc. 70.54, 9.31, 6.51 
Found. “70.15, 9.24, “ 7.23 


Gitogenic Anhydride—This was prepared by refluxing gitogenic 
acid in acetic anhydride for 30 minutes. The residue after 
evaporation of the anhydride was dissolved in chloroform and 
washed with dilute Na,CO; solution and water. The dried solu- 
tion after concentration and addition of petroleum ether crystal- 
lized. After recrystallization from ether-petroleum ether it melted 
at 205-206°. 


C26H3s05. Calculated. C 72.51, H 8.90 
400s. ** 72.92, ** 9.07 
Found. 72.57, 9.04 


The Ketone, C23H330;—0.1 gm. of the above anhydride was 
heated in a special microdistillation apparatus (L. C. Craig) at 
ordinary pressure in a stream of nitrogen gas. When the tempera- 
ture reached 270—280°, a slow evolution of CO, occurred and the 
substance darkened in color. After 3 hours the stream of nitrogen 
was discontinued and the distilling apparatus was exhausted with 
an oil pump. Distillaticn began above 280-290°, but the majority 
of substance was collected about 320°. An insoluble resin re- 
mained undistilled. The yellow distillate showed signs of crystal- 
lization, but because of the very small amount the oxime was made 
from the crude ketone. 

A methy] alcoholic solution of the distillate was treated with an 
excess of hydroxylamine hydrochloride and sodium acetate, and 
refluxed a number of hours. On dilution a caseous, partly crystal- 
line precipitate formed. On crystallization from the concentrated 
methyl! alcoholic solution it formed microplatelets or broad needles 
which melted at 237-238° after preliminary softening. 


C2sH3,0;N. Calculated. C 74.76, H 9.79 
Found. ** 74.89, ‘* 9.90 


For purposes of record we wish to record the analytical results 
obtained with our more recent samples of the following substances. 
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These analyses do not admit of a certain decision between the two 


sets of formule. 


Coe H 420s. 
Co7vH 40s. 


C, 7H 420s. 


CoH 2O4. 
C, 7H 4404. 
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C 77.55, H 10.52 


Tigogenin 
Calculated. 
77.82, 
Found. 77.49, 
77.47, 
Tigogenone 
Calculated. C 77.94, 
78.20, 
Found. ‘* 78.07, 
** 78.14, 
Gitogenin 
Calculated. C 74.58, 
74.94, 
Found. ‘* 74.54, 
74.80, 


sé 


| 
™ 10.37 
| ™ 10.54 
H 10.07 
10.22 
** 10.17 
| 9.85 
H 10.12 
** 10.26 
** 10.02 
10.10 
‘74.70, ‘© 10.14 | 
XUM 


THE CALCIUM AND INORGANIC PHOSPHORUS CONTENT 
OF THE BLOOD PLASMA OF NORMAL 
‘DAIRY CATTLE* 


By J. R. HAAG anp I. R. JONES 
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In the course of an investigation of the calcium and phosphorus 
metabolism of dairy cattle restricted largely or solely to alfalfa, 
we encountered considerable difficulty in the interpretation of our 
blood calcium and inorganic blood phosphorus analyses because 
of the general lack of agreement concerning average normal 
values. We have, therefore, accumulated a number of normal 
values from samples taken at all seasons over a period of approxi- 
mately 7 years. 


Methods 


The general routine followed by us has been to collect approxi- 
mately 40 cc. of jugular blood in test-tubes containing 0.5 cc. of 
saturated sodium citrate. As a rule, the samples were drawn at 
approximately 8 a.m. and centrifuged at once. Phosphate deter- 
minations were usually completed by 2 p.m., after which samples of 
plasma were measured out for calcium determinations. 

In our earlier calcium determinations we followed the procedure 
of Clark and Collip (1). Later we introduced two modifications. 
One of these consisted of the use of a buffered mixture containing 
ammonium oxalate, ammonium chloride, and sodium acetate for 
precipitating the calcium oxalate. The acidity of this mixture 
was such that the calcium oxalate was precipitated from a medium 
having a pH value of approximately 5.6. The calcium oxalate 
was washed two times with ammonia water (5 cc. of concentrated 
ammonium hydroxide per 100) saturated with calcium oxalate. 


* Published with the approval of the Director as technical paper No. 239. 
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Washing was accomplished by centrifuging, decanting, and 
draining. 

Our earlier phosphate determinations were made by the Briggs 
(2) modification of the Bell-Doisy method. Later we adopted the 
Fiske and Subbarow (3) method with one simple modification. 
Instead of developing the color in the standard solution by adding 
the reagents directly to the standard phosphate solution, we first 
diluted the standard solution with water in order to have phos- 
phate concentrations of approximately the same order in both 
standard and unknown solutions. We have taken the precaution 
occasionally to check the reliability of our phosphate determina- 
tions by including in a series of determinations a check sample of 
known phosphorus content. ‘These check samples were prepared 
in approximately 8 per cent trichloroacetic acid in such a manner 
that 5 cc. aliquots were equivalent to blood filtrates containing 
3, 5, or 7 mg. of inorganic phosphorus per 100 cc. 

Blood Plasma Calcitum—Our values for blood plasma calcium 
have been strikingly uniform, 160 determinations ranging from 
8.05 to 11.48 mg. per 100 ce. of plasma. ‘These values averaged 
9.99 mg., with 92.5 per cent of them falling within 9.00 and 11.00 
mg. per 100 cc. We have not encountered any dietary conditions 
among dairy cattle which resulted in blood calcium values differing 
significantly from those just given. 

Blood Plasma Inorganic Phosphorus—The blood phosphorus 
values reported here were obtained from animals receiving the 
regular college herd ration. This ration commonly consisted of 
alfalfa or oats and vetch hay, corn silage, kale and irrigated Ladino 
clover pasture in season, and a grain mixture containing 2 per cent 
bone flour. 

105 values obtained by us from supposedly normal animals show 
the age distribution (given in Table I). 

85 per cent of the values for animals 24 months of age or older 
fell within the limits of 4.00 to 7.00 mg. The 61 values for ani- 
mals 24 months or older averaged 5.40 mg. 

The significance of our earlier results, obtained largely from 
mature cows, was at first confusing, because we had been inclined 
to accept the averages of 5.87 and 5.80 mg., reported by Robinson 
and Huffman (4) and by Palmer, Cunningham, and Eckles (5) 
respectively, as applicable to mature animals. The average given 
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by Robinson and Huffman was obtained from a herd of beef cattle 
containing animals as young as about a year old. The average 
reported by Palmer, Cunningham, and Eckles was based on ten 
animals varying from 497 days to 650 days in age, and was assumed 
to be approximately normal for mature cattle. It is now clear 
from our own results that the normal decline in inorganic blood 
phosphorus continues well into the 3rd or possibly the 4th year. 
Indeed the values given by Palmer e¢ al. for various ages and our 
own, when plotted together, give a fairly smooth composite graph, 
showing the influence of age on normal phosphate values from 
birth to maturity. 


TABLE I 
Blood Plasma Inorganic Phosphorus Distribulion 


Age group No. of values singe ——_ P, 
— mg. per 100 ce. 
0-6 5 7.74 
6-12 7 7.68 

12-18 14 7.05 

18-24 18 6.45 

24-36 8 5.69 

36-48 17 5.69 

48+ 36 5.18 
SUMMARY 


1. 160 normal blood plasma calcium values were found to range 
from 8.05 to 11.48 mg. per 100 cc., with an average value of 9.99 
mg. per 100 cc. of plasma. 

2. 105 values for blood plasma inorganic phosphorus indicate 
that the normal decline with age may continue well into the 3rd or 
possibly the 4th year, and that the average normal value for 
mature cattle is approximately 5.2 mg. per 100 cc. 
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THE ORIGIN OF /-XYLOKETOSE (URINE PENTOSE) 


By MORRIS ENKLEWITZ ann MARGARET LASKER 
(From the Medical Division, Montefiore Hospital, New York) 


(Received for publication, April 15, 1935) 


In a previous paper (1) we suggested a possible relationship 
between glucuronic acid and urine pentose.!. In this communica- 
tion it will be shown that d-glucuronic acid is the precursor of 
l-xyloketose. It was observed that certain of the drugs which 
are excreted as compound glucuronates produce an increased 
elimination of urine pentose. We attributed this increase to 
glucuronic acid formed in response to the administration of the 
drug rather than to the drug itself and accordingly fed glucuronic 
acid. A similar increase in pentose excretion resulted. These ex- 
periments establish d-glucuronic acid as the source of [-xyloketose. 

Early in our investigation we were impressed by the remarkable 
uniformity of the daily output of pentose. This is illustrated in 
Table I which is typical of many other experiments with the same 
patients. The constant daily excretion was affected neither by 
altering the carbohydrate or protein content of the diet nor by 
periods of violent exercise followed by prolonged rest in bed (1). 
No attempt was made, therefore, to regulate the diet or restrict 
the activities of the patients in our further studies. 

The effect of the feeding of various drugs on the excretion of 
urine pentose is shown in Table II. Following the ingestion of 
pyramidone the excretion of pentose is increased enormously and 
continues at a high level for several days after medication is 
stopped. Antipyrine is chemically allied to pyramidone and has 
a similar influence on pentose excretion; borneol and menthol, 
on the other hand, are members of a different class of drugs yet 
they also produce an increase in pentose.2. There is little doubt 


1 We have identified /-xyloketose in thirty-eight different cases of pen- 
tosuria. 

2 Experiments with melubrin in the former group and thymol in the latter 
were without appreciable effect on pentose excretion. 
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that these drugs are excreted, both by the normal and by the 
pentosuric subject, in the form of glucuronates. As corroborative 
evidence that these four drugs are so excreted, we note that both 
normal and pentosuric urine give a strongly positive naphthore- 
sorcinol test (3) after medication, indicating the presence of glucu- 
ronic acid or glucuronates.* 

Glucuronic acid exists in the body, preformed, in mucin. Ac- 
cording to Miller and Conner (7), glucuronic acid is liberated in 


TABLE I 
Constancy of Reducing Substances in Pentosuria 
age Reducing substances (as xyloketose*) 
Subject 

gm. gm. gm 
H.B 28 1.1 0.2 0.6 
7 1.2 0.2 0.4 
7 1.1 0.2 0.3 
7 1.2 0.1 0.2 
A.G. 8 2.0 0.2 0.3 
5 2.0 0.2 0.2 
6 2.0 0.1 0.2 
J. L. 26 2.9 0.2 0.7 
16 3.1 0.2 0.8 
B.B. 9 3.1 0.3 0.5 
30 2.8 0.3 0.7 
L.B. 6 3.5 0.2 0.2 
12 3.7 0.3 0.9 


* In estimating xyloketose we have made use of Greenwald’s (2) equiva- 
lent: 1 mg. of xyloketose = 1.22 mg. of glucose, by the Benedict method. 


the digestion of mucin and is available for conjugation with toxic 
substances. We were particularly interested in feeding mucin, 


3 Enklewitz (unpublished work) has obtained a glucuronic acid com- 
pound from the urine after feeding pyramidone to human subjects and 
rabbits. Lawrow (4) showed that antipyrine administered to dogs is ex- 
creted in combination with glucuronic acid. Neuberg and Lachmann (5) 
and others fed menthol to rabbits as a means of procuring glucuronic acid, 
while Quick (6) prepared it from the urine of dogs after borneol feeding. 
We ourselves isolated glucuronic acid from normal and pentosuric urine 
following the ingestion of borneol. 
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TABLE II 


Effect of Administration of Various Drugs on Excretion of Reducing 
Substances in Pentosuria 


Xylo- 
| Ketone 
ketose) 
Period Date Dosage 
gm gm. | gm. | gm. 
Subject L.B. 
Control Dec. 26-30 3.8] 
Pyramidone 1] 5.5) 1.7 2 gm. daily 
Jan. 2-8 12.5) 8.7 
9-16 13.4) 9.6 
Control —21-Feb. 2| 3.7 
Pyramidone Feb. 3-4 4.9, 1.2 2 gm. daily 
‘5-10 12.5) 8.8 
After 10.0} 6.3 
12-14 0.7 
Control 15-20 3.5 
Borneol "| “ 21-93 4.3) 0.8 2.4 gm. daily 
25-26 5.2) 1.7 4 gm. daily 
Subject A.G. 
Control Mar. 9-14 2.0 
Borneol ete 2.3) 0.3 2.9 gm. 
“ 16 2.7| 0.7 3 gm. 
3.3] 1.3 = 
After 18-21 1.9 
Subject B.B. 
Gastric mucin May 18-22 3.1) 0.3 | 2.3) 0.3) 50 gm. daily, 3 
days 
25 gm. daily, 2 
days 
Control May 23-30 2.8 2.0 
” June 23-27 2.8 2.0 
Pyramidone ‘¢ 28-30 3.8 | 5.1] 3.1) 2 gm. daily 
Control July 1-2 3.0 2.0 
Borneol July 8 3.8] 0.8 | 2.6) 0.6) 2.5gm 
4.2) 1.2 | 3.1) 1.1) 4 gm. 
Control Mar. 17-20 3.0 


ist 
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TABLE II—Concluded 


Xylo- 
substance | 
ketose 
Period Date Dosage 
gm. gm gm. | gm. 
Subject B.B.—Con- 
cluded | 
Antipyrine Mar. 21 3.5] 0.5 | 2.6) 0.6) 0.6 gm. 
4.0) 1.0 | 3.2) 1.2) 1.3 “ 
5.2} 2.2 | 4.2) 2.2} 1.3 “ daily 
After 4.2) 1.2] 3.1) 1.1 
28-30 2.9 1.9 
Control Apr. 3-7 3.1 2. H 
Borneol $10 4.6, 1.5 | 3.4) 1.4) 4 gm. daily 
wee 5.4) 2.3 | 4.8) 2.8) 6.5 gm. 
After a 3.6} 0.5 | 2.8) 0.8 
13-17 2.6 2.0 
Control 28-May 1} 3.0 2.0 
Menthol May 2 3.3} 0.3 * | 1 gm. 
«63-5 4.7, 1.7 | 3.3} 1.3) 4 “ daily 
After a 3.4) 0.4 | 2.2) 0.2 
3.0 2.0 
3.0 


because it seemed possible that glucuronic acid contained in it 
might be the source from which xyloketose is derived, but in view 
of the large amount of mucin administered and the slight response 
in increased pentose excretion, this does not seem at all likely. 
Margolis (8) observed an increased excretion of reducing sub- 
stances following the taking of pyramidone by the pentosuric but 
he could offer no satisfactory explanation for this. Greenwald 
proved the increase to be pentose by estimating it as the osazone 
and determining its optical activity. Our experiments with 
pyramidone (9) confirmed this finding. We also noted that the 
increased reducing substances reacted with Benedict’s reagents at 
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room temperature,‘ a property exhibited only by J-xyloketose, of 
all the hexoses and pentoses we examined (9).5 

The influence of pyramidone can be demonstrated in striking 
fashion by comparing the hourly rate of pentose excretion during 


TaBLeE III 


Effect of Administration of Pyramidone to Subject B.B. on Hourly Rate of 
Excretion of Reducing Substances in Pentosuria 


Total reducing 


Time Volume of substances Xyloketose 
urine per hr. per hr. 
(as xyloketose) 
cc. gm. gm. 
Control day 7.00 a.m 
11.30 “ 135 0.08 | 0.05 
3.30 p.m 237 0.14 0.10 
6.45 ‘ 175 0.15 0.11 
7.00 a.m 393 0.13 0.09 
Pyramidone medica- | 7.00 ‘‘ 
tion* Ist day 11.00 “ 58 0.09 0.08 
3.00 p.m 492 0.30 0.22 
7.00 112 0.29 0.22 
9.00 ‘ 57 0.30 0.23 
7.00 a.m 469 0.23 0.17 
2nd day 
9.35 ‘ 210 0.21 0.15 
11.00 121 0.23 0.19 
3.00 p.m 158 0.32 0.25 
7.00 105 0.34 0.27 
9.10 * 128 0.50 0.36 
7.00 a.m 488 0.27 0.20 
3rd day 7.00 ‘“ 
11.00 255 0).22 0.16 
3.00 p.m 70 0.33 0. 26 
7.00 70 0.36 0). 28 
7.00 a.m 407 0.29 ().22 


This table comprises 4 consecutive days. 
* 2 gm. of pyramidone were administered daily at 9.00 a.m. 


the medication period with that of a control day. Within 6 hours 
after the taking of pyramidone, pentose elimination is increased 


4 It is improbable that the increase in reduction is due to free glucuronic 
acid, since glucuronic acid does not reduce Benedict’s reagents at room 


temperature. 


5 Schmidt and Treiber (10) have recently prepared the enantiomorph, 
d-xyloketose, from d-xylose and shown that it also reduces in the cold. 


1 


448 Origin of /-Xyloketose 


to 0.22 gm. per hour; on the 2nd day it reaches 4 times the 
average normal output and continues at a very high level through- 
out the medication period (Table III). 

It would appear that the increased pentose excretion obtained 
from the feeding of the drugs, pyramidone, antipyrine, borneol, 
and menthol, could be attributed to glucuronic acid which is formed 
in response to these drugs.® On this assumption one would expect 


TABLE IV 


Effect of Administration of Glucuronic Acid on Excretion of Reducing 
Substances in Pentosuria 


Total 
reducing Xyloketose 
No. substances 
Date of 
days | Aver- Aver- 
age | In- | age | In- 
crease 4 crease 
gm. gm, gm. gm. 
Subject B.B. 
Fore period July 29-Aug.5 | 8 | 2.9 1.9 
Glucuronic acid (5 gm.) | Aug. 6 1 | 4.1] 1.2] 2.7/0.8 
After period weet 1 | 3.6 2.2 
1 | 2.7 1.9 
Fore period Oct. 18-23 6 | 3.3 1.9 
Glucuronic acid (10 gm.)| ‘‘ 24 1 | 5.9| 2.6) 4.1 | 2.2 
After period ‘¢ 25-27 3 | 3.4 2.2 
Subject M.C. 
Glucuronic acid (5 gm.) | Nov. 5 4.3} 1.3 | 3.0 |.1.0 
Control day ae 1 | 3.0 2.0 
Subject J.L.* 
Glucuronic acid (5 gm.) | Nov. 6 1 | 3.6 | 2.1] 2.3] 1.4 
Control day Dec. 26 1 {1.5 0.9 
* Urine was collected for 12 hours only, from 7.00 a.m. to 7.00 p.m. 


the administration of glucuronic acid itself to produce an increased 
elimination of urine pentose. We therefore fed glucuronic acid’ 
(Table IV). 


6 In order to learn whether glucuronic acid, in conjugated form, may be 
the source of xyloketose, we fed 5 gm. of borneol glucuronic acid to subject 
B.B. and found that it had no influence on the output of pentose. In 16 
hours, 2.5 gm. of the borneol glucuronic acid were recovered from the urine 
as the zinc salt. 

7 Glucuronic acid was prepared from the urine of human subjects after 
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The marked increase in xyloketose establishes d-glucuronic acid 
as the precursor of urine pentose. In the three cases the increase 
of 0.8, 1.0, and 1.4 gm. follows the administration of 5 gm. of 
glucuronic acid. In subject B.B. the ingestion of 10 gm. in two 
equal doses produces more than twice the increase of xyloketose 
obtained from a single dose of 5 gm. 

The effect of glucuronic acid feeding® is brought out very clearly 
in Table V, which shows again the hourly rate of pentose excretion 
during control and medication periods. During the control 
periods pentose excretion proceeds at a fairly uniform rate. Im- 
mediately following the ingestion of glucuronic acid the output of 
pentose increases about 4-fold and remains at a very high level 
for the greater part of the day. 

Xyloketose was estimated by the method already reported by 
us (9); that is, by determining the amount of reduction of Bene- 
dict’s quantitative sugar reagent at 55°. This method has re- 
ceived recent support from Exton, Rose, and Roehl (11) who dem- 
onstrate its value in the identification of reducing sugars, using 
their modification of Sumner’s reagent in place of Benedict’s. 

Our chief concern, of course, is to establish the identity of the 
increased reducing substances in the possible presence of glucu- 
ronic acid, which might easily have been excreted unchanged.?® 
Although glucuronic acid gives many of the same reactions as the 
pentoses, we found that it did not interfere with the estimation of 
xyloketose when added to the urine even in such large amounts 
as 0.6 per cent of glucuronic acid in 0.2 per cent xyloketose. 


borneol administration (5 gm. daily over periods of 3 and 4 days). We 
applied the method used by Quick (6) for dog urine. It was isolated and 
used in the form of the lactone. 

8 As a control experiment 5 gm. of glucuronic acid were fed to a normal 
person. Tests made on the urine showed no pentose, but bear evidence that 
some glucuronic acid was excreted unchanged. The urine, within 8 hours, 
contained reducing substances equivalent to 0.8 gm. of glucose but none 
thereafter. There was no reduction of Benedict’s reagent at 55°; a naph- 
thoresorcinol test on the urine was strongly positive. Unlike the pen- 
tosuric urine it formed, with phenylhydrazine, a dark brown sticky sub- 
stance, somewhat resembling glucosazone microscopically, insoluble in 
alcohol, and giving a heavy naphthoresorcinol test. 

9A naphthoresorcinol test indicated that glucuronic acid, or glucuron- 
ate, was present in some, but not in all, of the urine specimens of the experi- 
mental periods. 
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TABLE V 


Effect of Administration of Glucuronic Acid on Hourly Rate of Excretion of 
Reducing Substances in Pentosuria 


Total 
reducing 
Vol- sub- Xylo- 
Time umeof} stances | ketose Remarks 
urine | perhr. | perhr. 
(as xylo- 
ketose) 
cc. gm. gm. 
Subject B.B. 
Control day 6.45 a.m. 
10.00 ‘ 118 0.13 | 0.08 | June 16 
° 12.40 p.m. 83 0.09 | 0.06 
272 
4.50 * 197 0.13 | 0.09 
6.50 “ 200 0.14 | 0.09 
8.40 ‘ 192 0.14 | 0.08 
6.45 a.m. | 455 0.12 | 0.09 
7.00 a.m 
10.45 * 87 0.10 | 0.06 | Oct. 23 
Glucuronic 1.30 p.m. | 485 | 0.44 | 0.29 | 5 gm. at 10.50 a.m. 
acid 280 0.35 | ‘** 3.00 p.m. 
4.45 * 108 0.51 | 0.34 
—— 70 0.45 | 0.36 
160 0.30 | 0.22 
7.00 a.m. | 237 0.14 | 0.10 
Subject M.C. 
Control day 7.00 a.m. 
10.30 *“ 260 0.12 | 0.07 | Dec. 9 
2.30 p.m. | 300 0.12 | 0.07 
324 0.10 | 0.06 
12.40 a.m. | 235 0.13 | 0.08 
7.00 a.m. | 330 0.16 | 0.10 
6.30 a.m 
a 204 0.07 | 0.05 | Nov. 4 
Glucuronic 12.40 p.m. | 285 0.37 | 0.28 | 5gm. at 11.00 a.m. 
acid 2.5 ™ 65 | 0.35 | 0.27 
—_— 39 0.30 | 0.22 
4.55 “ 70 0.26 | 0.19 
310 0.16 | 0.10 
a. 121 0.14 | 0.09 
1.10 a.m. | 257 0.15 | 0.10 
245 0.11 | 0.07 


* The method used was not sufficiently delicate to determine the amount 
of reducing substances in this very dilute urine. 


i } 
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TABLE V—Concluded 


u 
Vol- sub- Xylo- 
Time ume of | stances | ketose Remarks 
urine per hr. | per hr. 
(as xylo- 
cc gm, gm 


Subject J.L.f 
Control day 7.00 a.m. 
12.00 noon | 455 | 0.10 May 29 


7.00 a.m 
9.00 ‘ 90 | 0.12 | 0.07 | Nov. 5 
10.30 ‘‘ 85 | 0.12 | 0.07 
Glucuronic 12.00 noon | 150 0.35 | 0.26 | 5gm. at 10.55 a.m. 
acid 4.30 p.m. | 218 | 0.41 | 0.27 
7.00 ‘ 145 | 0.32 | 0.20 


+ Urine was collected over a 12 hour period. 


The following experiment corroborates our finding that the 
xyloketose content of urine is much greater after glucuronic acid 
feeding. Urine of any given pentose content, at a fixed tempera- 
ture, requires the same length of time for the onset of reduction 
whether glucuronic acid is present or not; the greater the content 
of xyloketose the shorter the time required. At 40° a urine with 
a xyloketose content of 0.3 per cent takes 20 minutes for the onset 
of reduction; after the addition of 0.6 per cent glucuronic acid it 
still takes 18 minutes. Pentosuric urine, to which xyloketose has 
been added to a total of 0.55 per cent, takes 5 minutes. Specimens 
after glucuronic acid medication (B.B., M.C., and J.L.), calculated 
by reduction to contain 0.55 per cent, require only 6 minutes. 

Formation and Yield of Phenylosazone—Since xyloketose cannot 
be easily crystallized, we did not attempt to isolate it from the 
post-glucuronic acid urine; instead we relied on the formation of 
the pentosazone for identification.!°-! From ten of the post-glu- 


10 Tt is known that ketoses are unaffected by bromine. Some authors 
(2, 12) have applied this fact in identifying xyloketose. A specimen of 
urine from the experimental period was shaken with an excess of bromine 


2.30 p.m. | 385 0.10 
5.00 255 0.19 | 
7.00 ‘ 80 0.14 
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curonic acid specimens of urine of the three patients a phenyl- 
hydrazine compound was formed, which had the same properties 
as the osazone obtained from control pentosuric urine, but was 
produced in greater quantities and gave better yields and melting 


points. In all ten of these the yield of osazone was greater than 
TABLE VI 
Influence of Glucuronic Acid Feeding on Yield of Osazone 
Vol Yield 

etose | Phenyl-| | Melting 

b f osa- 

tion 
Control 
cc. gm. gm. |per cent 

B.B. 4 hr. period 126 | 0.24 | 0.28 52 |149 
Recrystallized from alcohol 0.18 33 (157-158 
Extracted with chloroform | 0.14* | 26 |157-159 

Experimental 

J.L. 4 hr. period 201 | 1.10 | 2.30 95 (149-150 
Recrystallized from alcohol 1.81 75 |156-159 
Extracted with chloroform 1.397 | 58 |161-163 
M.C 1 hr. period 40 | 0.22 | 0.49 85 |152-154 
Extracted with chloroform 0.36 62 (160-164 

Twice recrystallized and re- 0.17{ | 30 

extracted with chloroform 


* See osazones in control Period I of protocols given in the section — 
“Optical activity’’ below. 

t See osazones in experimental Period I of protocols given in the section 
“Optical activity.”’ 

t See osazones in experimental Period II of protocols given in the section 
“Optical activity.’’ 


that of any control urine pentosazone we have ever prepared. The 
yield of recrystallized osazone in every case was also greater after 


and left in contact with it for 30 days. Before bromination it contained 
0.18 per cent xyloketose; after bromination there still remained the same 
amount as measured by the reduction at 55°. 

11 Polariscopic readings of the post-glucuronic acid urine cannot be used 
in identifying the additional reducing substances, for the glucuronic acid 
has a specific rotation similar to that of l-xyloketose. 
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glucuronic acid feeding than in control periods. Typical experi- 
ments are shown in Table VI. 

Method Used in Preparing Osazone—Recrystallized phenyl- 
hydrazine and sodium acetate were added directly to the urine in 
the proportion 4 gm.:6 gm.:1 gm. of total reducing bodies. It 
was heated for 14 hours in a boiling water bath, then cooled in air. 
In urine which contained a large amount of xyloketose a precipitate 
began to form in the hot solution. We filtered off the precipitated 
osazone as soon as the solution was cold, in this way producing a 
much purer product than if allowed to stand until the next day as 
in Greenwald’s method of preparation (8). The osazone was 
washed with water, dried with suction, and later over phosphorus 
pentoxide in the desiccator. It was recrystallized from 35 per 
cent alcohol and, when dry, extracted with chloroform. Some- 
times repeated recrystallizations were needed before it attained a 
melting point of 162°. 

The phenylhydrazine compound was identified as [-xylosazone 
in the following ways: (1) by its gross and microscopic appearance 
and by its solubility, (2) by its melting point, (3) the formation of 
dl-xylosazone, (4) the optical activity, (5) by the nitrogen content. 

Physical Properties—The osazones of the experimental period 
precipitated out suddenly from the urine in a jelly-like mass which 
was composed of long, yellow, needle-shaped crystals scattered 
irregularly, typical of a pentosazone. A similar precipitation oc- 
curred with the osazone from the control urine. The crystals were 
soluble in hot water and in alcohol and acetone. 

Melting Point—The melting point was about 149-153° for the 
crude material and ranged from 160—164° on purification. This 
agrees with the melting point of urine pentosazone found by other 
investigators.2. The melting point remained the same when the 
osazone was mixed with [-xylosazone formed from the urine of a 
control unmedicated period. 

dl-X ylosazone—According to Levene and La Forge (12), ‘‘a dex- 
trorotatory pentosazone, which shows an elevation of its melting 


12 Elliott and Raper (13) state 148-150° after recrystallization from 20 
per cent alcohol and 163-164° after further purification. Levene and 
La Forge (12) report 160° for urine pentosazone (164° for d-xylosazone). 
Hiller (14) gives 159°; Greenwald (2) 157-160°, 156-157°, 161-163°, and 
156-158°; Hari (15) 161-164°. 


t 


454 Origin of l-Xyloketose 


point after being mixed with a levorotatory xylosazone from 163° 
to 205°C., has to be regarded as xylosazone.” 

The melting point of the osazone from the experimental period 
was elevated from 163° to 204° when mixed with an equal quantity 
of d-xylosazone (from d-xylose). 0.1 gm. of material (see { in 
Table VI), after being mixed with 0.100 gm. of d-xylosazone and 
recrystallized from alcohol, produced 0.175 gm. of a substance 
which differed in solubility and general appearance as well as in 
crystalline structure and melting point from both the dextro and 
levo variety. Short boat-shaped crystals were formed, which 
melted at 200-204° and were identical with dl-xylosazone pre- 
pared from a normal period. 

Optical Activity—Levene and La Forge (12) state that the 
xylosazone nature of the urine pentosazone is further substantiated 
by the character of its mutarotation. They write, ‘‘the initial 
optical rotation of xylosazone is lower than the equilibrium 
rotation. . . The optical rotation of the urine osazone increases in 
magnitude on standing.” 

We determined the optical activity of the purified osazones of 
the experimental period and of the control period. All specimens 
showed an initial dextrorotation and an increased dextro activity 
on standing. A comparison with the rotation observed by other 
investigators shows that the character of the mutarotation is the 
same in each case. 


Osazones, Experimental Period I—Read in a1 dm. tube" after 25 minutes 
[a]p = +0.09°; after 24 hours, +0.23°; after 48 hours, +0.23°. 

Osazones, Experimental Period IJ—Read in a 0.5 dm. tube after 10 min- 
utes [a]p = +0.06°; after 24 hours, +0.15°; after 48 hours, +0.17°. 

Osazones, Control Period I—Read in a 1 dm. tube after 10 minutes [a]p = 
+0.12°; after 24 hours, +0.30°; after 46 hours, +0.31°. 

Osazones, Control Period IJ—Subject B.B. Read inal dm. tube after 
10 minutes [a]p = +0.10°; after 24 hours, +0.35°; after 48 hours, +0.35°. 

Osazones, Levene and La Forge (12)—Read in a 0.5 dm. tube. 

Period I, l-Xylosazone—Soon after preparation of the solution [a]p = 
+0.15°; after 8 hours, +0.47°. 


13 Our osazones were dissolved in the usual mixture of 4 cc. of pyridine 
and 6 cc. of methyl] alcohol at half the concentration used by all the other 
investigators. 
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Period II, |-Xylosazone—Soon after preparation of the solution [a]p = 
+0.27°;!4 after 18 hours, +0.57°.14 

Period IIT, d-Xylosazone—Soon after preparation of the solution la]p = 
—0.10°; after 18 hours, —0.36°. 

Period IV, d-Xylosazone—Soon after preparation of the solution lalp = 
—0.09°; after 24 hours, —0.43°. 

l-Xylosazone, Greenwald (2). 

Period I—Read in a 1 dm. tube, initial rotation [a]p = +0.25°; after 48 
hours, +0.60°. 

Period II—After pyramidone (8), initial rotation [a]p = +0.20°; after 
24 hours, +0.40°. 

l-X ylosazone, Hari (15)—Read in a 1 dm. tube. 

Period I-Initial rotation [a]» = +0.15°; read the next morning, +0.72°. 

Period II—Initial rotation [a]p = +0.30°; read the next morning, +0.63°. 

l-Xylosazone, Bélint (16)—Read in a 0.5 dm. tube. Initial rotation 
[aJp = +0:16°;!5 after 24 hours, +0.35°.15 


Analysis for Nitrogen—A specimen of purified osazone from the 
experimental period (see f in Table VI) was analyzed by Dr. H. K. 
Alber, of New York University. Using the Dumas method in the 
micromodification by Pregl, he reported as follows: weight of sam- 
ple = 2.661 mg.; net volume of nitrogen = 0.394 cc.; tempera- 
ture, 27°; pressure, 755 mm.; percentage of nitrogen, 16.73 (cal- 
culated, 


SUMMARY 


It has been shown that the administration of glucuronic acid 
causes a greatly increased elimination of pentose in the urine; that 
this increase is l-xyloketose is established by the reduction at 55°, 
and by the formation of the calculated amount of osazone. The 
identity of the osazone has been determined by its melting point, 
by the elevation of its melting point when mixed with d-xylosazone 
to form dl-xylosazone, by optical activity and nitrogen content, and 
‘the yield shown to be greatly in excess of the amount obtained 
from a control period. 


14 It is noted that the rotations reported by Levene and La Forge (12) 
for a 0.5 dm. tube are those found by others in a 1 dm. tube. 

15 Average rotation of osazones from four patients. The maximum 
deviation was 0.01°. 

16 Mayer (17) prepared a compound from glucuronic acid and phenyl- 
hydrazine which melted at 159-164° and had a nitrogen content of 11 per 
cent; also another compound melting at 199-205° contained 15.5 per cent 
nitrogen. 
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In spite of the fact that it is difficult, on theoretical grounds, 
to see how d-glucuronic acid can be converted into l-xyloketose, 
the conclusion to be drawn from this work is that l-xyloketose 
arises from d-glucuronic acid. 
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A NOTE ON AZOPROTEINS 
By WILLIAM C. BOYD ann PAUL MOVER 


(From the Evans Memorial, Massachusetts Memorial Hospitals, and Boston 
University School of Medicine, Boston) 


(Received for publication, May 18, 1935) 


In 1934 the results of analyses for arsenic and nitrogen of pro- 
teins coupled with diazotized arsanilic acid were reported as bear- 
ing on the Pauly assumption that diazotized amines couple with 
proteins only through the tyrosyl and histidyl groups. In the case 
of the three proteins studied, it was found possible to couple by 
repeated treatment much more arsanilic acid, as judged by the 
arsenic to nitrogen ratio, than could be accounted for by the 
amounts of the two amino acids in question present in each 
protein. (The ratio following a single treatment was never higher 
than the theoretical.) Nevertheless other amino acids, tested in- 
dividually, failed to couple. Other possible explanations were 
found to be inadequate. Since this work was done we have tested 
two further possibilities, and have extended the results to one 
other protein with similar results. 

The additional protein investigated was edestin. This was 
coupled repeatedly with diazotized arsanilic acid, precipitated 
several times with acid, dissolved, and analyzed as described 
previously.! After one, two, and three treatments with diazotized 
arsanilic acid the As:N ratios were 0.127, 0.270, and 0.520, re- 
spectively. The theoretical, calculated from the analyses for 
histidine and tyrosiné-reported, ranges from 0.192 to 0.268. Thus 
edestin behaves like the other proteins studied. 

One possibility not considered in the first paper! was that the 
strong alkali used in the coupling might selectively split off from 
the protein certain non-cyclic amino acids or polypeptides, leaving 
a higher proportion than originally of cyclic to non-cyclic amino 
acid groups, leading to a higher As: N ratio. 


1 Boyd, W. C., and Hooker, S. B., J. Biol. Chem., 104, 329 (1934). 
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To test this possibility, casein coupled as in the first paper to 
arsanilic acid, was treated for 24 hours with N Na,CO;3, n NaOH, 
and 5 Nn NaOH, then reprecipitated as usual three times, and re- 
analyzed. The original As:N ratio of 0.345 changed to 0.293, 
0.310, and 0.312, respectively. Thus the change is not only rather 
small, but in the opposite direction to that which would be ex- 
pected if the above suggestions were correct. 

To test the possibility that splitting might occur before coupling, 
casein was coupled and analyzed after standing 5 days with 0.5 N 
NaOH, n NaOH, 2 N NaOH, and 5 nN NaOH. The As:N ratios 
were found to be 0.401, 0.330, 0.469, and 0.385, respectively. To 
observe possible splitting occurring before 5 days, samples were 
allowed to stand with a mixture of 0.15 n KHCOs; and 0.22 n 
K-,CO; for 5 minutes, 48 hours, 72 hours, and 96 hours and were then 
coupled and analyzed. The ratios observed were 0.270, 0.153, 
0.275, and 0.268. Somewhat similar results were obtained when 
0.40 Nn Na,CO; and 0.20 n NaHCO; were used. These results 
indicate that preliminary treatment with alkali has little, if any, 
effect, and that it cannot explain the abnormally high ratios ob- 
served with repeated coupling. 

To investigate the effect of pH on the ratio, samples of casein 
were coupled at pH 6, 7, 8, and 10, in the usual way! (about pH 
12), in the presence of N NaOH and Nn NaeCQO3, in 2 N NaOH, and 
in 3 N NaOH. The ratios were 0.096, 0.115, 0.146, 0.203, 0.271, 
0.273, 0.339, and 0.235, respectively. The amount of coupling 
clearly increases with increasing alkalinity, as would be expected, 
but there is a suggestion that with very strong alkali it again de- 
creases. In no case did it here surpass the expected ratio. 

To see what would be the effect of hydrolysis, casein was treated 
with trypsin for 4 and 3} hours before coupling, giving ratios of 
0.230 and 0.585. In these experiments the amount of product 
that could be recovered by the usual] acid precipitation was small, 
but there is some suggestion of an increase in ratio. The material 
recovered was different in appearance from that obtained from 
repeated coupling. 

The second main possibility investigated was that coupling 
might occur with diketopiperazine rings in the proteins. How- 
ever, no coupling occurred with diketopiperazine itself, and coup- 
ling to proteins in the presence of alcohol and ammonia decreased 
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the ratio instead of increasing it. Thus no explanation which has 
thus far suggested itself to us? can account for the fact that re- 
peated coupling will in some cases raise the As:N ratio to more 
than twice what it could be, assuming that the diazotized arsanilic 
acid couples only with the histidine and tyrosine in proteins, even 
when the highest reported analytical figures for these amino 
acids are used in the calculation. 


SUMMARY 


Analyses for nitrogen and arsenic of proteins coupled under 
different conditions with diazotized arsanilic acid agree with pre- 
viously reported results; 7.e., the As:N ratio can be much higher 
than could be accounted for by Pauly’s assumption. No sug- 
gested explanation of the higher ratios has been substantiated. 


2 A colleague has since suggested that the formation of diazoamino links 
might explain the increased ratios. This possibility was unfortunately not 
properly tested, but it might be thought that our compounds exhibited a 
greater stability (e.g. to acid and alkali) than would be expected of diazo- 
amino (in the case of zein, diazo secondary amino) groupings. 


\ 
- 


XUM 


THE ACTION OF IODIDES ON STEROL DIBROMIDES 
AND THE PREPARATION OF CHOLESTENONE* 


By RUDOLF SCHOENHEIMER 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, May 23, 1935) 


We have noticed that when sterol dibromides such as choles- 
terol dibromide are treated with sodium or potassium iodide, iodine 
is liberated with regeneration of the double bond. This process, 
which proceeds slowly in the cold but quantitatively on heating, 
is undoubtedly responsible for the errors observed (1) in the iodine 
values of unsaturated sterols. Dam (2) has proposed the method 
of Rosenmund and Kuhnhenn (3) for iodine determinations of 
sterols. According to this method the sterol is treated with 
pyridine sulfate dibromide, whereby bromine adds to the double 
bond; the excess of bromine is titrated with sodium iodide and 
thiosulfate. While cholesterol gives good results in the cold, 
most of the other sterols give incorrect values. 

In earlier work we have adapted this process to the preparation 
of pure cholesterol, free from the natural small amounts of dihydro- 
cholesterol (4). In recent studies we have found this method to be 
superior to all other debromination procedures used in sterol 
chemistry. We have already employed this method for the 
preparation of several sterols from their dibromides. Cholestenone 
is usually prepared by oxidizing cholesterol dibromide with per- 
manganate or chromium trioxide and debrominating the resulting 
ketone with zine in acetic acid (5, 6), a process which sometimes 
furnishes poor yields of this physiologically important compound, 
owing to the production of pinacones and hydrocarbons. The 
formation of these compounds is excluded in our procedure. 


* This work was supported by a grant from the Josiah Macy, Jr., 
Foundation. 
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This method seems to be applicable to all sterol dibromides in 
which the halogens are in one of the rings. The results with stig- 
masterol tetrabromide are less satisfactory because the bromine 
atoms in the side chain do not react so readily. 


EXPERIMENTAL 


Preparation of Cholestenone—A solution of 60 gm. of cholesterol 
dibromide in 600 cc. of benzene was shaken according to Ruzicka 
(6) with 20 gm. of chromium trioxide in 200 cc. of water and 400 
cc. of acetic acid. ‘The benzene solution was separated, repeatedly 
washed with water until neutral, and dried with NaSO, A 
solution of 40 gm. of sodium iodide in 200 cc. of absolute alcohol 
was added and the mixture refluxed for 2 hours. The dark brown 
solution was shaken in a separatory funnel with an aqueous solu- 
tion of sodium sulfite to remove the iodine and with water to re- 
move all salts. The dried benzene solution was brought to dryness 
in vacuo;the residue, which crystallized immediately, was re- 
crystallized from acetone. Yield, 34.6 gm. (81 per cent of theory) 
m.p. 79.5-80°. From the mother liquor a second crop was ob- 
tained. Total yield, 89 per cent. 
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METABOLISM OF NAPHTHALENE IN ADULT AND 
| GROWING DOGS* 


By JAKOB A. STEKOL 
(From the Department of Chemistry, Fordham University, New York) 


(Received for publication, May 17, 1935) 


Bouchard and Charrin (1) have observed that the repeated 
administration of naphthalene to rabbits causes the formation of 
cataracts. Lesnick (2) has been able to isolate a-naphthylglycur- 
onate from the urine of dogs which were fed naphthalene. Edelf- 
sen (3) and Igersheimer and Ruben (4) have confirmed the obser- 
vation of Lesnick (2) by applying color reactions to the urine of 
dogs which were fed naphthalene. Adams (5) has found that, 
histologically, naphthalene cataracts of the rabbit resemble 
human senile cataract. Baumann (6) has suggested that the 
monohalogen naphthalenes yield, probably, a mercapturic acid in 
the dog. Tsuji (7) began a systematic study of the origin of 
naphthalene cataracts in rabbits, and he has found that on feeding 
naphthalene to rabbits, the free cysteine and “‘bound cysteine”’ of 
the eye lens proteins diminish markedly. Nakashima (8) has 
continued the work of Tsuji. In a rather comprehensive study 
of metabolism of naphthalene in rabbits, Nakashima has demon- 
strated that feeding of naphthalene to rabbits yields an ethereal 
sulfate in the urine and a substance which is excreted in the urine 
in the neutral sulfur. fraction. He has also found an increased 
output of glycuronic acid in the urine on administration of nap- 
thalene to rabbits. Nakashima has shown further that the glu- 
tathione of the liver and eye lens markedly diminishes on the 
administration of naphthalene. 

Bourne and Young (9), apparently unaware of the work of 
Tsuji (7) and Nakashima (8), fed naphthalene to rabbits and 
isolated from the urine of these rabbits a substance which was 


* This paper was presented at the meeting of the American Chemical 
Society at New York, April, 1935. 
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shown to be l-a-naphthalene mercapturic acid, identical with a 
synthetic product (10). 


As far as we know, the synthesis of naphthalene mercapturic 
acid either in the adult or growing dog has not been demonstrated. 
The present study was therefore undertaken. Inasmuch as there 
is no method for the estimation of mercapturic acids in the urine, 
we used the changes in the sulfur partition of the urine and the 
isolation of the mercapturic acid after each feeding of naphthalene 
to dogs as criteria of the synthesis of mercapturic acid. 


EXPERIMENTAL 


Healthy adult female dogs and pups of various ages were used 
in the present study. Pups 21 and 22 were mongrels, Pup 18 was 
a thoroughbred Dalmatian coach-dog, born and raised in this 
laboratory. The adult dogs and the pups were kept in individual 
metabolism cages and fed Cowgill’s diet (11) of the following 
composition: casein,'! 35.3 parts; sucrose, 32.8 parts; Squibb’s 
Vitavose, 9.3 parts; Karr’s salt mixture (12), 1.1 parts; bone ash, 
2.2 parts; lard, 13.7 parts; butter fat, 5.6 parts. The diet yielded 
4.92 per cent nitrogen and 0.25 per cent sulfur. The urine was 
collected every 24 hours. Only adult dogs were catheterized. 
‘The adequacy of Cowgill’s diet in the amounts as fed to the pups 
was shown by us to induce normal growth to full maturity (13). 
The diet furnished to the adult dogs 60 calories per kilo of body 
weight and to pups, 140 to 150 calories per kilo of body weight. 

The plan of the experiments was to maintain the dogs and the 
pups on the diet for several days until the analysis of urine for 
various constituents showed little or no variation from day to 


1 Casein No. 453 purchased from The Casein Manufacturing Company of 
America, Inc. 
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day, to feed naphthalene in gelatin capsules to dogs or pups and 
collect the urine as before and continue the collection and the 
analysis of urine until the values of various excretory products 
returned to normal. The following methods of analysis of urine 
were used: total nitrogen, Kjeldahl; urea, Van Slyke’s gasometric 
method (14); creatinine-creatine, Folin (15); total sulfur, Bene- 
dict’s method as modified by Denis (16); inorganic, ethereal sul- 
fates, Folin (17); neutral sulfur was estimated by difference; uric 
acid by the Benedict-Franke method (18); allantoin by Larson’s 
method (19); l-a-naphthalene mercapturic acid was isolated from 
the urine of each dog and pup separately after each feeding of 
naphthalene by the method of McGuinn and Sherwin (20) which 
was originally devised by these workers for the isolation of p-bromo- 
phenyl mercapturic acid from the urine. Naphthalene was fed 
in 1.0 gm. doses in one portion, 3 hours after the feeding of food, 
the latter being fed to adult dogs once a day at 9 a.m. and to 
pups twice a day in two equal portions at 9a.m.and12noon. All 
pups, in addition to Cowgill’s diet, received 50 gm. of tomato 
juice and 3 cc. of cod liver oil per diem. Water was allowed ad 
libitum to all animals. 


DISCUSSION 


Table I summarizes the results obtained after feeding naphtha- 
lene to adult and growing dogs. The data seem to indicate the 
formation of an ethereal sulfate and a compound which was ex- 
creted in the neutral sulfur fraction of the urine. These changes 
in the sulfur partition in the urine of dogs and pups, after feeding 
naphthalene, are similar to those observed by Nakashima (8) in 
rabbits. On the day of feeding naphthalene to our animals, the 
excretion of total sulfur increased. The raised output of total 
sulfur was compensated by a corresponding drop in the excretion 
of inorganic sulfates on following days, thus indicating a retention 
of sulfur to cover the loss induced by naphthalene feeding. The 
raised output of sulfur on the day of feeding naphthalene was ac- 
companied by only a small rise in the output of total nitrogen 
which was not compensated by a corresponding retention of nitro- 
gen on the following days. The effect of naphthalene on the 
nitrogen and sulfur balance of the dog is similar to that observed 
with bromobenzene (21). Creatinine, uric acid, and allantoin 
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TABLE 
Metabolism of Naphthalene in Adult and Growing Dogs 
Urinary output 
Age 
z | 

days gm, | gm. | gm. gm. gm, gm. 

Pup 219, 2.5 49 {3.00 .13}1 .69)0 .078)0 .040 0 .012/0 .038 
kilos 50 |3.00 2 .18}1 .68/0 .089/0 .047 0 .011/0 .042 
51 |3.00 2.31/1 .88/0 .157/0 .057 0 .036)0 . 100* 

52 {3.00 2 .09}1 .49/0 .067/0 .017 0.010/0 .050 

53 {3.00 2 .31/1.80/0 .057/0 .010 0 .010/0 .047 

54 |3.00 2 .40}1.67/0 . 100/0 .059 0 .012/0 .041 

Pup 22 9, 2.27 49 /|3.00 2 .09}1 . 70/0 .077/0 .038 0.01110 .039 
kilos 50 |3.00 2 .04/1 .69/0 .082/0 .044 0 .011/0.038 
51 |3.00 2 .24/1.77/0 .132/0 .048 0 .019)0 .084* 

52 (3.00 2 .02/1 .61/0 .052/0 .010 0 .008)/0 .042 

53 0.01010 .045 

54 2 .35}1 .84/0 .076/0 .042 0 .012/0 .034 

Pup 18 108 4 35/3 .55/0 .191/0 .128 0 .021/0 .063 
Dalmatian, | 109 4 27/3 .40/0.197)0. 143| 0 .022/0 .054 
4.54 kilos 110 4 52/3 .47|0 .22410 .117 0 .039)0 .107* 
111 4 30/3 .40/0 .140/0 .090 0 .020/0 .050 

112 4 20/3 .38/0.191/0.140 0.019/0 .051 

7.2 kilos 150 6. 4.81/4 .03/0 .229/0 . 146 0 .022/0 .083 
151 | 4 .79)|4.00/0 .259]0 . 122 0 .038/0 .137* 
152 (6. 4 .70/3 .161/0 .036 0.02510 .125 
153 6. 4 .73/3 .93/0 .239/0 .131 0 .023/0.108 
154 4 63/3 .71/0 .226)0 .138 0 .023/0 .088 
155 4 .76/3 .85/0 .220/0 . 130 0 .024/0 .090 
Dog 14 9, 9.1 | Adult 4. 4 .48/0 .218)0 .155 0 .026/0 .063 
kilos 4. 4 .40/0 .220/0 . 153 0 .027/0 .067 
4, 4.91/4.02/0 .345/0 . 167 0 .067/0 .178* 
4. 4 23/3 .40/0 .101/0 .019 0 .013)0 .082 
4. 4 .43/0 . 187/10 . 120 0 .019/0 .067 
4. 4 .30/0 .200)0 . 140 0 .023/0 .060 
Dog 19 9, 7.7 | Adult |6. 5 28/4. 20/0 .261/0 182 0 .016/0 .079 
kilos 6. 5.40/4 .30/0 .261/0 . 182 0.018/0 .079 
6. 5 .54/4.65/0 .278/0 . 130 0 .023/0 .148* 
5.5414 . 1163/0 .083 0 .020/0 .080 
5 .24/4.19/0 .233/0.154 0 .020/0 .079 
5 .39/4 .11/0 .248/0 .170 0.0210 .078 


* 1.0 gm. of naphthalene was fed in gelatin capsules at 11 a.m. 


J. A. Stekol 467 


remained constant throughout the experiments and the results 
were omitted from Table I. The naphthoresorcinol test for 
glycuronic acid on the naphthalene urines of adult and growing 
dogs was intensely positive. 1l-a-Naphthalene mercapturic acid 
was isolated from the urine of adult and growing dogs on the day | 
of feeding naphthalene and on the 2 subsequent days. The aver- 
age yield of pure mercapturic acid was about the same for adult 
and growing dogs, amounting to 120 to 150 mg. from 1 gm. of 
naphthalene fed. On analysis of the substance the following data 
were obtained: m.p. 170.5°; nitrogen, 4.84; sulfur, 11.12; [a]? = 
— 25.3° (1 per cent in absolute alcohol). Calculated for CisH:s03;NS: 
nitrogen, 4.84; sulfur, 11.09. The compound isolated by us seems 
to be identical with l1-a-naphthalene mercapturic acid isolated by 
Bourne and Young (9) from the urine of rabbits. 1.0 gm. doses of 
naphthalene produced no apparent signs of intoxication and the 
animals appeared quite normal. The feces, however, were dark 
green in color, with a strong odor of naphthalene. 

In accord with the observation of Bourne and Young (9), made 
on rabbits, the urine of dogs which were fed naphthalene, yielded 
on acidification with one-tenth its volume of concentrated HCl, 
unchanged naphthalene, which could be separated by filtration 
and purified. We found, however, that heating the acidified urine 
to boiling, as reported by Bourne and Young, is quite unnecessary, 
and that naphthalene separated from the urine in the cold at 
room temperature after 1 to 2 hours standing. The results in 
Table I indicate the formation of an ethereal sulfate which prob- 
ably was present in the urine in larger amounts than indicated by 
the analysis. This seems probable since Folin’s method for the 
determination of inorganic sulfates involves the use of large 
amounts of HCl which may induce the hydrolysis of the ethereal 
sulfate at room temperature. Penzoldt (22) and Baumann and 
Herter (23) could detect no free naphthols in the urine of dogs 
which were fed naphthalene. Bourne and Young (9) suggested 
that the free naphthalene resulting from the acid hydrolysis of 
naphthalene urines of rabbits may conceivably originate from a 
compound similar to dihydro-8-naphthol which was shown to 
yield free naphthalene under the influence of mineral acids (24). 
Such an unstable naphthol, if formed in the body, may possibly 
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account for the increased output of ethereal sulfates in the urine 
of our dogs and pups after the administration of naphthalene. 
In view of the obvious similarity in the metabolism of naph- 
thalene and bromobenzene in the dog, further experiments were 
carried out, designed to compare the metabolism of the two 
substances in the dog as influenced by the nutritional state of the 
animal. The results will be presented in a future communication. 


I wish to express my gratitude to Reverend F. W. Power for 
donating the Dalmatian pup and for the analysis of the compound. 
My thanks are also due to Mr. W. Hamill for the polarimetric 
readings on the substance. 


SUMMARY 


1. Naphthalene was fed to adult and growing dogs maintained 
on Cowgill’s diet. 

2. l-a-Naphthalene mercapturic acid was isolated from the 
urine of adult and growing dogs. ' It proved to be identical with 
a similar substance isolated from the urine of rabbits that were 
fed naphthalene. 

3. The analysis of urine indicated the formation of an ethereal 
sulfate in the urine of adult and growing dogs. It was tentatively 
assumed to be a naphthol conjugation product with sulfuric acid, 
easily hydrolyzable by mineral acids to yield free naphthalene. 

4. Qualitative tests on the urine of adult and growing dogs in- 
dicated the increased output of glycuronic acid upon the adminis- 
tration of naphthalene. 
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The first step in determining the structure of a protein is the 
quantitative study of the constituent amino acids. The ratios 
of such amino acids, resulting from the classic analytical methods 
of Kossel, Fischer, Dakin, and Van Slyke, indicate a very complex 
structure for nearly all proteins investigated. It seemed possible 
to simplify this picture by improving the methods of determining 
certain amino acids. The use of complex salts for the selective 
precipitation of amino acids and peptides has been proposed in 
Paper I (1). Here the complex salt method is further developed. 

Gelatin will be discussed as an example. Through Dakin’s 
analysis it has become one of the most completely known proteins. 
Of the fifteen amino acids found in gelatin hydrolysates, glycine 
(25.5 per cent), hydroxyproline (14.1 per cent), and proline (9.5 
per cent) are most abundant. A simple calculation by Atkin (2), 
in which Dakin’s results (3) are used, shows that glycine and 
hydroxyproline account for about one-third and one-ninth, re- 
spectively, of the total amino acid residues in gelatin. On the 
same basis, Astbury (4) has recently pointed to the possibility that 
every third amino acid ‘in gelatin might be glycine and every 
ninth, hydroxyproline. Making use of the known x-ray photo- 
graphs of gelatin and collagen, this author suggests that the amino 
acid residues are somehow grouped in sets of three. However, by 
an indirect method, Waldschmidt-Leitz and Akabori (5) have 
recently found the content of hydroxyproline to be 8.9 to 9.4 per 
cent, and have claimed Dakin’s figure to be erroneous. On the 
other hand, Patton (6), using a colorimetric method, has recently 


found the glycine content of gelatin to be 22 per cent. 
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In view of these contradictions it was necessary to reinvestigate 
the content of these amino acids in gelatin. The first step was the 
development of a new complex for the determination of proline. 
The new reagent is a variation of the Reinecke salt complex. 
Kapfhammer and Eck (7) in 1927 used Reinecke salt, [Cr(CNS).- 
(NHs3)2]‘NH,, for the simultaneous precipitation of proline and 
hydroxyproline from gelatin hydrolysates. The two amino acids 
were regenerated by a tedious procedure from the Reineckates and 
separated from each other by extraction with alcohol. Thus, they 
obtained 8 per cent free hydroxyl-l-proline and 4.4. per cent [- 
proline as its cadmium chloride compound. The transformation 
into this double salt was necessary to liberate the proline com- 
pletely from hydroxyproline. The liberation of the prolines from 
the Reineckates can be considerably simplified according to Dakin 
by decomposing the Reineckates with dimethylaniline.! 

It has been possible to change the behavior of the Reineckate 
complex towards amino acids by introducing into the complex 
amines other than ammonia. With two aniline groups an ex- 
cellent means for the determination of proline was obtained. This 
new complex acid is tetrathiocyanato-dianilidochromiato acid, 
[Cr(CNS).(CeHs-NHz2)e]H. It is referred to in this paper as 
“rhodanilic acid’”’ and its salts are called ‘‘rhodanilates.”’ 

Rhodanilic acid is formed from chromic sulfate or chrome alum, 
potassium thiocyanate, and aniline in the manner described in the 
experimental section. The following reactions take place. 


+ 12KCNS = 2[Cr(CNS).|K; + 3K,80,4 
[Cr(CNS).JK; + 4CsH;-NH. + CH;COOH = 2KCNS + CH;COOK 
+ (CsHs-NH3)-(CsHs- NH») 


An aniline rhodanilate containing an extra molecule of aniline is 
obtained. This salt may easily be converted into the ammonium 
salt with ammonium hydroxide. 

Rhodanilic acid forms rose-colored, well crystallized salts with 
basic nitrogen compounds, and in particular with alkaloids and 
with amino acids. Although rhodanilic acid lacks definite speci- 
ficity, the various rhodanilates differ greatly in their solubilities, 
crystalline form, and rate of crystallization. It is therefore often 


1 Personal communication. This procedure suggested the pyridine 
method for obtaining proline and hydroxyproline, which will be described 


later in this paper. 
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possible to separate from mixtures of amines, amino acids, or 
peptides single homogeneous products by fractional precipitation 
with rhodanilic acid. In cases where several rhodanilates form 
simultaneously, a separation by fractional crystallization is often 
possible. 

Of the rhodanilates of amino acids, that of proline distinguishes 
itself by slight solubility and rapid crystallization. With the aid 
of the rhodanilate method a determination of proline in gelatin 
was performed. From a hydrochloric acid hydrolysate of gelatin, 
arginine was first removed by flavianic acid. Then ammonium 
rhodanilate was added to the mother liquor as long as a uniform 
precipitation of the proline salt took place. The quantity neces- 
sary was determined by examining the precipitate under the micro- 
scope in the course of successive additions. The proline rhodani- 
late was analyzed and converted into free l-proline. 

In order to obtain the free amino acid from the proline rhodani- 
late, advantage was taken of the fact that pyridine rhodanilate is 
very difficultly soluble in water. It is therefore sufficient to sus- 
pend the solid proline rhodanilate in water and to add a little 
pyridine in order to precipitate almost instantaneously the entire 
rhodanilic acid as pyridine salt; on filtration a faintly colored 
aqueous solution of l-proline is obtained. Pure l-proline of 
[a], = —85.6° crystallizes out on evaporation. These prepara- 
tions contain no dl-proline or hydroxyproline. 

From 118 gm. of Gold Label gelatin (7.e., 100 gm. of water-free 
gelatin), 97 gm. of pure l-proline rhodanilate were obtained. This 
corresponds to 18.5 gm. of l-proline. Similarly, from 100 gm. of 
water-free Bacto-Gelatine 100 gm. of pure l-proline rhodanilate, 
corresponding to 19.0 gm. of l-proline, were obtained. In the 
precipitation of the proline.rhodanilate there remains dissolved in 
the mother liquor a fraction which we have determined by special 
crystallization experiments with pure material to be approximately 
5 gm. Accounting for this quantity, the proline content of the 
water-free gelatin is 19.4 per cent (Gold Label) and 20.0 per cent 
(Bacto-Gelatine). In decomposing the rhodanilate of 100 gm. 
of water-free gelatin, 15 gm. of pure /-proline were obtained. 

Pyridine rhodanilate is formed as a by-product in the prepara- 
tion of proline. It may easily be reconverted into ammonium 
rhodanilate with ammonia and so recovered for further use. 
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Thus, in the course of the rhodanilate method for proline, rho- 
danilic acid passes stepwise through the combination with aniline, 
ammonia, proline, pyridine, and finally again ammonia. In each 
step of the method two amines compete for the rhodanilic acid, so 
that the conditions of the experiment determine the outcome. 

With this method, proline has become easily accessible. In 
order to obtain it from gelatin hydrolysate, arginine need not be 
removed first; however, one may work in such a manner as to 
combine the preparation of arginine, proline, and hydroxyproline 
as flavianate, rhodanilate, and Reineckate, respectively. Like- 
wise, the quantitative determination of proline may or may not 
be combined with the determination of arginine. 

It has been found possible to estimate hydroxyproline as Rein- 
eckate after the determination of arginine and proline. From the 
Reineckate the hydroxyproline could be regenerated with pyridine. 
In this way from 100 gm. of water-free anhydrous gelatin (Gold 
Label) or Bacto-Gelatine, 10.5 gm. of l-hydroxyproline were 
obtained. By correcting for the solubility of hydroxyproline 
Reineckate in the mother liquor,? the yield becomes 14.4 gm. 
The earlier results of Dakin are thus confirmed. 

For the estimation of the third important amino acid, glycine, 
the complex method, with potassium trioxalatochromiate, has 
again been employed. ‘The use of this reagent has been described 
previously (1). The glycine, in the hydrolysate of Gold Label 
gelatin, was precipitated and the nitrogen content of the precipi- 
tate determined. The exact method will be described later. In 
this way, 25.7 per cent glycine was found. This value agrees 
exactly with that of Dakin. 

The amino acids now known to be formed in gelatin hydrolysates 
represent 103 per cent of the weight of gelatin. 119 per cent may 
be expected. For those three amino acids constituting half of the 
gelatin—glycine, proline, hydroxyproline—there are now reliable 
quantitative figures. In combining these figures with the re- 
spective molecular weights, the number of gm. molecules of each 
formed in the hydrolysis of 100 gm. of geiatin is obtained. The 
results are summarized in Table I. 

It may be seen that the molecular ratios for glycine, proline, and 


2 See experimental section. 
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hydroxyproline bear the simple relation, 6:3:2. The number of 
gm. molecules of these three amino acids—glycine, proline, and 
hydroxyproline—in gelatin may be calculated, assuming that they 
represent one-third, one-sixth, and one-ninth, respectively, of all 
the amino acids and that the average molecular weight of all the 
amino acids is 111. These calculated values are included in 
Table I. The close agreement between these two sets of figures 
and the simple ratio of these to the number of average amino 
acids (Column 5) support the suggestion that these three amino 
acids occupy a definite periodic arrangement within the protein. 
If this were true, every third amino acid in the chain could be 
glycine, every sixth proline, and every ninth hydroxyproline. 
Such an arrangement could be represented by either of the two 


TABLE 
Amino Acid Content of Gelatin after Hydrolysis 


Mol Gm. molecules 
ecu- 

Weight lar Ratio 

weight Found 
(1) (2) (3) (4) (5) 

per cent 
25.5 75 | 0.34 | 0.36 6.0 
19.7; 115 0.17 | 0.18 3.0 
l-Hydroxyproline................. 14.4; 131 0.11 | 0.12 2.0 
Average amino acid............... 119.0; 111 1.07 18.8 


diagrams below, in which the glycyl residue is represented by G, 
the prolyl by P, and the other amino acids by X. 


—G-X-P-G-X-X-G-X-P-G-X-X— 


The best proof for this hypothesis would be the isolation of large 
quantities of dipeptides, such as prolylglycine (PG) or glycylproline 
(GP), or of larger peptides from partial hydrolysates of gelatin. 
Work with this in view is now in progress in this laboratory. 


Grateful acknowledgment is hereby made to Dr. William F. Ross 
for assistance in preparing the manuscript, and to Mr. Samuel C. 
Carpenter for technical assistance. 
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EXPERIMENTAL 


Aniline Rhodanilate—500 gm. of chrome alum, 600 gm. of 
potassium thiocyanate, and 0.5 liter of water were heated for 4 
hours on the steam bath. The solution was cooled, and after 
addition of 0.5 liter of aniline was warmed for 3 hours with stirring 
in a bath of 60°. It was then cooled again, and a mixture of 6 
liters of water and 600 cc. of glacial acetic acid added. After some 
hours the precipitate was filtered by suction, extracted with cold 
methyl alcohol (1.5 to 2 liters), filtered, and 6 liters of water added 
with stirring. This occasioned the formation of a rather thick 
pulp of violet crystals. After another recrystallization the yield 
amounted to 330 gm. 

' The preparation contained aniline of crystallization. 


[CyesHisNoS.Cr]-(CsHsN)-(CsH;N). Calculated. C 51.1, H 4.4, N 17.1 
Found. “44° 


All of the nitrogen determinations, except that for the pyridine 
rhodanilate, were made by the Kjeldahl method. The Pregl- 
Dumas results were 0.8 to 1.0 per cent too low. The pyridine salt 
by the Kjeldahl method gave only 6 of its 7 nitrogen atoms. 
Thus, it had to be analyzed by the Pregl-Dumas method in spite 
of the low results. 

Ammonium Rhodanilate—400 gm. of the aniline salt were treated 
with 600 cc. of methanol and 300 cc. of a concentrated aqueous 
solution of ammonia. Then 3 liters of water were slowly added to 
the ice-cold solution. The precipitate, consisting of crystalline 
plates, was treated again in the same manner with methanol, 
ammonia, and water. Yield, about 200 gm. 


(NH,)-14H,0. Calculated. C 37 .3, H 4.1, N 18.7 
Found. "Ra Bz 


l-Proline Rhodanilate—The solution of 1.5 gm. of ammonium 
rhodanilate in 20 cc. of methyl alcohol was added to a solution of 
0.35 gm. of l-proline in 15 ec. of 0.25 N hydrochloric acid. The red 
prisms which separated out were again dissolved in methyl alco- 
hol and precipitated with very dilute hydrochloric acid. Melting 
point, 133-134° (decomposition). 


Calculated. C 41.7, H 4 3, N 16.2 
Found. “41.7, 4.5, 16.4 
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Pyridinitum Rhodanilate—It is obtained quantitatively from 
either of the previously described salts with pyridine in acid salt 
solution. Red rhomboids were obtained. / 


[CysHi4NoS4Cr](CsHeN). Calculated. C 45.8, H 3.6, N 17.8 
Found. 45.7, 3.7, “17.4 


The nitrogen was determined with the micro-Dumas method. 

Determination of l-Proline and l-Hydroxyproline in Gelatin— 
500 gm. of commercial gelatin (Gold Label), containing 15 per cent 
of water, were hydrolyzed with 3 times the theoretical quantity of 
concentrated hydrochloric acid for 8 hours. The solution was 
evaporated under diminished pressure, redissolved, and evaporated 
again three times from water. Arginine was then removed as 
flavianate in the usual manner. The filtrate, including the 
solution used for washing, had a volume of 4.3 liters. 

1 liter of this solution was added to the filtered solution of 95 
gm. of ammonium rhodanilate in 600 cc. of methyl alcohol. 
Proline rhodanilate separated out immediately. The thick pulp 
was cooled for 2 hours on ice, filtered in a cold room by suction, 
and washed with 200 cc. of ice-cold water. The purple crystalline 
mass, after drying on air, weighed 97 gm. (100 gm. when Bacto- 
Gelatine was used). The salt had the correct composition. 


Calculated. C 41.7, H 4.3, N 16.2 
Found. 41.7, 4.5, 16.2 


In order to estimate the minimum amount of proline rhodanilate 
remaining in the mother liquor in the above described crystalliza- 
tion, 20.0 gm. of the purified solid were dissolved in 150 cc. of 
methyl alcohol and reprecipitated by the addition of 250 cc. of 
0.5 n hydrochloric acid. _It was filtered by suction after having 
been cooled for 2 hours, and was dried in air. 19.0 gm. were 
regained. The loss was therefore about 5 per cent. In the prep- 
aration above, at least 5 gm. of proline rhodanilate are therefore 
lost in the mother liquor. For Gold Label gelatin we may there- 
fore assume that 102 gm. of proline rhodanilate are formed, and 
for Bacto-Gelatine 105 gm. This corresponds to 19.4 per cent 
and 20.0 per cent proline, respectively. 

In order to obtain the free proline, 49 gm. of crude proline 
rhodanilate were recrystallized from methyl alcohol with 0.5 
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nN hydrochloric acid. The purified and dried product was mixed 
thoroughly with 10 cc. of pyridine in 300 cc. of water and filtered 
by suction after standing. To the faintly red filtrate a few drops 
of acetic agid were added, and the small amount of precipitate was 
filtered off. The solution was then evaporated in vacuo, the 
residue redissolved twice in water and once in alcohol, and the 
solvents evaporated. Pure l-proline could be obtained as a 
~ colorless, crystalline mass from absolute alcohol and ether. Yield 
7.5 gm., or 15 gm. for 100 gm. of gelatin. 


[al> = —85.6° (in water) 
C;H,O.N:. Calculated. C 52.2, H 7.9, N 12.1 
Found. BA 


After 1 liter of gelatin hydrolysate had been freed from most of 
its proline, the hydroxyproline was precipitated with Reinecke 
salt. As is well known, this precipitation is not quantitative. 
Therefore, we carried out a number of experiments to improve the 
yield as much as possible. In our first experiments the Reineckate 
was added in small portions and the mixture stirred vigorously for 
an hour, after which the precipitate was filtered off. Later it was 
found simpler to add the ammonium Reineckate at once and to 
add simultaneously some pyridine. A double salt containing 
pyridine is thought to be formed. For the separation of hydro- 
xyproline 125 gm. of ammonium Reineckate and 7.5 cc. of pyridine 
were therefore added; the mixture was stirred for 2 hours, cooled in 
ice water, filtered in the cold, and the product dried on clay. It 
was then washed with 500 cc. of water and decomposed with 50 
ec. of pyridine. The precipitate was filtered after 1 hour and 
washed thoroughly. The filtrate containing hydroxyproline 
besides a large number of other substances was still colored dark 
red. Glacial acetic acid was therefore added drop by drop, as 
long as a precipitate formed, and the precipitate was then removed. 
The now light brownish yellow filtrate was evaporated in vacuo; 
the residue was dissolved twice in water and twice in methyl 
alcohol, followed each time by evaporation of the solvent. Most 
of the hydroxyproline had now crystallized together with ammo- 
nium salts from the syrupy residue. The whole substance was 
thoroughly shaken with 75 cc. of anhydrous methyl! alcohol, the 
crystals filtered off, dried, powdered, and allowed to stand with 
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50 cc. of 95 per cent methyl alcohol for 2 hours at a temperature of 
+5°. Then they were filtered by suction in the cold and dried 
in vacuo over phosphorus pentoxide. 

In this state the hydroxyproline is still colored yellow-brown, 
but is already fairly pure. 


C;H,0O;N. Calculated. C 45.8, H 6.9, N 10.5 
Found. 45.4, 6.9, 10.5 


The average yield of this substance in several experiments with 
Gold Label gelatin and with Bacto-Gelatine was 10.6 and 10.8 gm., 
respectively. This quantity, however, does not contain the entire 
original hydroxyproline of the gelatin. During the process of 
isolation considerable losses take place in at least two instances, 
the principal loss being in the precipitation with ammonium 
Reineckate and pyridine, and a smaller one occurring during the 
treatment of the crude hydroxyproline with 95 per cent methyl 
alcohol. In order to estimate these losses, 14 gm. of hydroxy- 
proline of the above quality were dissolved together with 25 
gm. of glycine in a mixture of 1 liter of water and 300 cc. of methyl 
alcohol. The solution was made acid to Congo red with hydro- 
chloric acid. This solution was now treated with Reinecke salt 
and pyridine, and the precipitate formed was decomposed and 
worked up as described above. All details were carried out exactly 
as with the gelatin hydrolysate. After the treatment with 95 per 
cent methyl alcohol, 10.5 gm. of pure hydroxyproline were ob- 
tained. Since this yield is almost the same (10.1) as that from 1 
liter of gelatin hydrolysate or 99 gm. of anhydrous gelatin, one 
may assume that in the hydrolysis of 100 gm. of gelatin (Gold 
Label or Bacto-Gelatine) at least 14.4 gm. of hydroxyproline are 
formed. 
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The success with which Krebs and Henseleit (1) employed 
Warburg’s method of surviving tissue slices in the problem of the 
formation of urea in the liver encouraged its use for a direct attack 
on other problems of nitrogen metabolism in animals. 

For this purpose methods were developed (or adapted) for simul- 
taneous multiple determinations (twenty to forty) of very low 
concentrations of ammonia, uric acid, creatinine, and allantoin in 
1 to 2 ce. of solution. In addition to the convenience of saving of 
time in carrying out a large number of determinations simul- 
taneously, these methods offer the advantages of improved specific- 
ity and accuracy. They have been in continuous use for more 
than a year by a number of different workers for literally thousands 
of determinations, and have stood the test of use by a class of 
undergraduate students. With only slight modifications they can 
be employed for the analysis of blood, urine, and tissue fluids and 
extracts. The procedure finally settled upon in every case ended 
in acolorimetric measurement. For this purpose a spectrophotom- 
eter is available here.. The advantage of this instrument is that 
the most suitable band of approximately monochromatic light can 
be selected for measuring the intensity of a given color. The use 
of monochromatic light extends the region of linear relationship 
between depth of color and concentration of substance to be ana- 
lyzed. With suitable color filters and an increased intensity of 
light it should be possible to obtain this advantage with a colorim- 
eter, thus obviating the necessity for bracketing the unknown 
with standards of nearly the same concentration. 
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The volumes of solution analyzed and reagents were in each case 
so adjusted that the volume of the final colored solution was 3.0 
to 3.5cc. This is the lowest convenient volume for the absorption 
cell which we could use. This volume can, of course, be increased 
or decreased according to the needs of the colorimetric instrument 
employed. 


Ammonia 


The ammonia determination involved distillation by the method 
of Conway and Byrne (2), followed by assay of the ammonia by 
a modification of Van Slyke,and Hiller’s (3) procedure with the 
phenate-hypochlorite reagent. 

In the experiments for which these analytical methods were 
primarily devised there were a large number of ammonia deter- 
minations. ‘The usual ammonia micromethods designed for single 
measurements would have been too time-consuming. With the 
distillation method of Conway and Byrne it is possible to carry 
out conveniently a large number of distillations simultaneously. 
It was desirable therefore to obtain a method for detecting at least 
0.0005 mg. of ammonia nitrogen per cc. of solution to be analyzed, 
with a reasonable accuracy, +1 per cent, which could be used for 
multiple determinations. 

The technique described by Van Slyke and Hiller for the use of 
the phenate-hypochlorite reagent, heating for 3 minutes in a boil- 
ing water bath after addition of the phenate and hypochlorite and 
then cooling rapidly to room temperature, is not completely satis- 
factory for this purpose. The duration of heating in the water 
bath must be exactly the same or discordant results are obtained. 
Secondly, on cooling, the color changes in hue and attains its maxi- 
mum intensity in about 7 minutes, after which it fades slowly, 
losing 10 to 15 per cent in 1 hour. These are not serious incon- 
veniences where only a single determination is to be made, espe- 
cially if the concentration of ammonia is approximately known. 
The standard and unknown can be handled together and will 
change together. Spectrophotometric measurements showed that 
with such a technique no significant error is incurred in single 
determinations. It is unsatisfactory when there are forty or more 
ammonia determinations in an experiment and the approximate 
concentrations in the individual samples are not known beforehand. 
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By studying the factors affecting the color development with 
the phenate-hypochlorite reagent, a procedure was worked out 
which gave a 10 per cent greater color intensity for a given con- 
centration of ammonia than heating in a boiling water bath, and 
at the same time the color was stable (measured spectrophoto- 
metrically) for at least an hour. With this modification it was 
possible to obtain all the advantages of macromethods with a 
technique which permits the measurement of 0.0005 mg. of 
ammonia nitrogen per cc. of solution with an error not greater than 
+2 per cent. With higher concentrations the uncertainty is 
reduced to +1 per cent. By reducing the capacity of the vessels 
and the volumes it should be possible without any great difficulty 
to increase the sensitivity by a factor of 5. With this modification 
of the colorimetric procedure twenty to thirty solutions with 
unknown ammonia concentrations, varying between 0 and 1.5 
mg. per cent, can be assayed with only four or five standards which 
may be developed simultaneously with the unknowns or sepa- 
rately. The time required for such a series of analyses is about 
3 hours. 

Reagents 

Dilute hydrochloric acid, 0.01 N and 0.1 N. It is essential only 
that at the end of the distillation there be some excess of acid. 

The phenate and hypochlorite solutions used are those described 
by Van Slyke and Hiller. 

Sodium phenate. 25 gm. of phenol are dissolved in a small 
amount of ammonia-free water. 50 cc. of 40 per cent sodium 
hydroxide are then added, and the mixture dilyted to 100 cc. It 
is then immediately transferred to a dark bottle and stoppered. 

Javel water. Dissolve (or suspend) 50 gm. of calcium hypo- 
chlorite with 56.6 per cent of available Cl (or more) in about 500 
cc. of hot water. This is mixed with a solution of 50 gm. of anhy- 
drous potassium carbonate in 200 cc. of cold water. The resulting 
suspension is cooled and diluted to 1 liter. The clear filtrate must 
give no precipitate on addition of more K,CQ; solution. If nec- 
essary, add more of the alkali until all the calcium is precipitated. 
The solution used here contains 1.35 gm. of Cl per 100 cc. The 
prescription of Van Slyke and Hiller calls for 1 gm. of Cl per 100 
ec. This reagent is best kept in an ice box in a number of small, 
dark bottles, so that the main solution is not opened each day. 
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The glass distillation vessels described by Conway and Byrne 
are not at present purchasable in this country. White glazed 
procelain vessels were made for us by a local potter which served 
quite well. 

Procedure—The complete procedure is as follows: 1 cc. of dilute 
acid is pipetted into the central well of the distillation vessel. The 
outer rim of the vessel and the glass plate to cover it are then 
coated with vaseline. The vessel is tilted by resting the opposite 
edge on a glass plate. 1 cc. of the solution to be analyzed is then 
pipetted into one side of the outer well. The glass cover is now 
put on the vessel, leaving just sufficient room on the side opposite 
to that containing the solution to be analyzed to permit the inser- 
tion of a pipette point. 1 drop of phenol red is added, then 1 ce. 
of saturated potassium carbonate-potassium chloride solution. 
The cover is quickly slid over, covering the vessel, and made tight 
with a little pressure. By gentle rotation (about 10 times) the 
solutions in the outer well are thoroughly mixed, as shown by the 
uniform distribution of the phenol red. The covered vessel is set 
away in an air bath at 37° for 1 hour. At the end of this time the 
ammonia has distilled over into the central well. The contents of 
this well are transferred to a 50 cc. Erlenmeyer flask with a capil- 
lary syringe. The central well is then washed with five succes- 
sive portions, 0.2 ec. each, of ammonia-free water into the Erlen- 
meyer flask. 

To the 2 cc. of solution transferred as above, or directly into 
50 cc. Erlenmeyer flasks, 1 cc. of the phenate solution is added. 
The flask is closed with a rubber stopper and cooled for 5 minutes 
on the draining board of a sink over which tap water is running. 
0.5 ce. of Javel water is then added, after which the stoppered 
flask is set away in a water bath at 37° for 50 minutes. It is 
cooled again in running water for 5 minutes, after which the 
intensity of the color is read. 

Exposure of the surface to air intensifies the color finally de- 
veloped, hence the use of 50 cc. Erlenmeyer flasks. There is no 
increase or loss in color by incubating longer than 50 minutes. 

The colored solution is transferred to an absorption vessel, in 
our case of the following dimensions (inside), 10 mm. deep, 5 mm. 
wide, and 30 mm. high. The absorption curve is a plateau with a 
maximum between 608 and 627uy. In this range of the spectrum 
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the absorption is a linear function of the concentration of ammonia 
from 0 to 1.5 mg. per cent, and only slightly curved between 1.5 
and 2.0 mg. per cent. | 

When the color is developed by heating in a boiling water bath, 
it is at first green, changing to blue on cooling. The maximum 
absorption at first is at 627uy. On standing it shifts slowly 
toward 575yy. 

The distillation vessels must be cleansed free of the last traces 
of vaseline. With the glazed porcelain vessels this is very difficult. 
The following procedure proved finally to be satisfactory. The 
vaseline is wiped off and the vessels cleaned with a hydrocarbon 
(Stoddard) solvent. The vessel is then scrubbed by hand with 
trisodium phosphate and soaked overnight in a 30 to 40 per cent 
solution of sodium silicate. It is then thoroughly rinsed suc- 
cessively with tap water, distilled water, and ammonia-free dis- 
tilled water, and then dried in an air bath. 

The above method for ammonia was used for the determination 
of urea and total nitrogen. 


Urea 


Urea was determined as ammonia after hydrolysis by urease. 

Urease solutions were prepared from jack bean meal according 
to the method of Van Slyke and Cullen (4) or that of Krebs and 
Henseleit (1). Before being used the enzyme solution was shaken 
with purified permutit for 10 minutes after the pH had been ad- 
justed to 6.0, to remove the ammonia which is continually formed. 

When the preformed ammonia in the solution to be analyzed is 
low, the urea nitrogen can be obtained by difference before and 
after treatment with urease. If it is high, it is better to remove it 
first by shaking with permutit at pH 6.0. A variable quantity, 
less than 0.1 mg. per cent, remains after the permutit treatment. 
Hence blank determinations are necessary. 

Our usual procedure is to incubate 2 cc. of the solution to be 
analyzed with 0.5 cc. of the urease solution in a stoppered Erlen- 
meyer flask for 1 hour at 37°. 1 cc. aliquots are then assayed for 
ammonia. 

The smallest quantity of urea nitrogen which can be measured 
by this method is 0.001 mg. in 1 cc. of solution. 
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Total Nitrogen 


The digestion procedure is only a slight modification of that 
described by Van Slyke (5). The subsequent ammonia deter- 
mination is as described above. , 

1 cc. of solution containing not more than 0.15 mg. of nitrogen is 
pipetted into a Pyrex ignition tube, 170 K 20 mm., and 1 drop of 
0.5 per cent selenium oxide and 0.5 cc. of sulfuric-phosphoric 
(3:1) acid digestion mixture are added. A special antibumping 
tube is shaken to the bottom of the tube. This tube is made of 
glass tubing and is conveniently 70 mm. long and 6 mm. outside 
diameter, closed at both ends, with a dimple about 3 mm. deep in 
the end which rests in the solution. The combustion tubes are 
_ placed on a wire gauze shelf over microburners. The heating is 
continued for 3 minutes after the solution is quite clear. 

The tops of the tubes are covered with small funnels which lead 
into a manifold connected with a water suction pump. The dif- 
ficulty with this simple digestion rack is to prevent violent bump- 
ing when a drop of condensate runs down the tube into the hot 
melt. This can be prevented by playing a microburner flame over 
the upper part of the tube. | 

After the tubes have cooled, 0.5 cm. of potassium persulfate 
(Merck’s ‘‘Reagent, for Dr. D. D. Van Slyke’s micro-Kjeldahl 
determination of nitrogen’’) is added, and 2 drops of ammonia- 
free water. The heating is resumed and continued for 3 minutes 
after the strong fuming has stopped. Heating for a shorter period 
gives low results with proteins and amino acids. The tube is 
again allowed to cool at room temperature. 2 cc. of ammonia- 
free water are now added and the mixture is then carefully brought 
to the boil in a Bunsen flame. It is cooled in running tap water, 
1 drop of phenol red solution is added, then 50 per cent sodium 
hydroxide drop by drop down the side of the tube, with frequent 
cooling under the tap, until the solution is colored a perfectly clear, 
bright yellow. The contents are then transferred with a capillary 
syringe to a 10 cc. volumetric flask. 1 cc. portions of water are 
used to wash the sides of the ignition tube and the antibumping 
tube. The washings are transferred to the volumetric flask and 
the final dilution is made up to the 10 ec. mark. 

1 ce. portions of this final dilution are distilled and assayed for 
ammonia by the methods described above. 
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Direct colorimetric determination of the ammonia, without 
distillation, is unreliable because traces of potassium persulfate 
interfere with the color development by the phenate-Javel water 
reagent. 

Uric Acid 

In the following methods for uric acid, creatinine, and allantoin 
we found it convenient to use Pyrex test-tubes, 125 * 9 mm. inside 
dimensions, provided with solid ground glass stoppers. 

The method for the determination of uric acid is a combination 
of features of a number of other methods, with a modification of 
the final color development and colorimetry. 

The uric acid is precipitated with zinc (6). The precipitate is 
dissolved in dilute acid and water. Cyanide is added and then 
the arsenophosphotungstic acid reagent of Benedict (7). The pro- 
cedure of Benedict and Behre (8) from this point on is heating 
in a boiling water bath for 3 minutes, followed by 2 minutes at 
room temperature, and then a quick reading in the colorimeter 
while the solution is still warm. This procedure gives solutions too 
turbid to be read in a spectrophotometer, and in our hands, du- 
plicate or triplicate readings varied by as much as 20 per cent. 
These difficulties were overcome by carrying out the color develop- 
ment for 40 minutes at 37°, followed by 15 minutes in chopped ice. 
At the low temperature the salt responsible for the turbidity pre- 
cipitates out. On centrifuging, a perfectly clear solution is 
obtained, whose color remains unchanged and perfectly clear for at 
least 24 hours. The depth of color at 540 to 630uyp is a linear 
function of the concentration of uric acid (with 1 cc. of solution) 
from 0 to 1 mg. per cent. 

Reagents 

2.5 per cent zinc chloride in water. 

10 per cent sodium carbonate. 

Dilute hydrochloric acid (0.1 N). 

Cyanide solution (Benedict and Behre). 5 per cent sodium 
cyanide, containing 2 cc. of concentrated ammonia per liter, made 
fresh every 6 to 7 weeks. 

Benedict’s arsenophosphotungstate reagent, prepared as follows: 
100 gm. of pure sodium tungstate, dissolved in 600 cc. of water in 
a liter flask. 50 gm. of pure arsenic pentoxide are now added, 
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followed by 25 cc. of 85 per cent phosphoric acid, and 20 cc. of 
concentrated hydrochloric acid. The mixture is boiled for 20 
minutes, cooled, and diluted to 1 liter. 

Folin’s stock standard uric acid solution was employed (9). 
1 gm. of uric acid weighed to within 1 mg. is transferred toa 1 liter 
volumetric flask. To 0.6 gm. of lithium carbonate in a 250 cc. 
flask add 150 cc. of water and shake until the salt is dissolved. 
Filter. Heat the filtered solution to 60° and warm the flask con- 
taining the uric acid in running hot water. Pour the warm lithium 
carbonate solution into the volumetric flask containing the uric 
acid, washing down crystals adhering to the neck. Shake the 
warm mixture until all the uric acid has dissolved, about 5 minutes. 
Cool under the tap. Add 20 cc. of formalin (40 per cent solution 
of formaldehyde) and half fill the flask with water. Add a few 
drops of methyl orange and then introduce slowly and with shak- 
ing, by means of a pipette, 25 cc. of N sulfuric acid. The solution 
should turn pink while 2 to 3 cc. are still in the pipette. Dilute 
to 1 liter. Mix. Transfer to a tightly stoppered bottle, and 
store in the dark. The diluted standards are made up from this 
stock solution. They will keep for several days, and should not 
be used sooner than 1 hour after they are made. 

In the experiments for which this method was primarily intended 
the solutions to be analyzed contained varying amounts of amino 
acids. Accordingly all the solutions, including the standards, 
were so diluted that the concentration of amino acids was nearly 
the same in all. Without this additional precaution the method 
has been used on Folin-Wu blood filtrates and has given normal 
values. | 

Procedure—The detailed procedure is as follows: 1 ec. of solution 
(or 2 cc. if the uric acid content is low), 1 cc. of water or special 
diluting fluid, and 0.05 cc. of 2.5 per cent zinc chloride are pipetted 
into one of the test-tubes described above. The contents are 
mixed by inversion several times. Then 0.4 cc. of 10 per cent 
sodium carbonate is added and the contents are again mixed by 
inversion. The test-tube is centrifuged, the supernatant liquid 
is poured off, and the last drop taken up with filter paper. 0.5 
ec. of N/14 HCl, 1.5 ec. of water, and 1 ec. of the cyanide solution 
are added next. The stoppered test-tube is shaken vigorously 
until all the precipitate has dissolved, giving a crystal-clear, 
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colorless solution. 0.2 cc. of the arsenophosphotungstate solution 
is then added. The contents are again mixed thoroughly by in- 
verting the test-tube a number of times. The stoppered test-tube 
is set away for 40 minutes in a water bath at 37°, after which it is 
immersed in a beaker of ice water for 15 minutes and then centri- 
fuged. The supernatant solution is poured off into the absorption 
cell (or colorimeter cup) and the color read at 610uy. The ab- 
sorption increases toward the red end of the spectrum, and any 
convenient color filter in this region will serve. 

The standards are treated simultaneously with the unknowns in 
exactly the same manner, diluted, precipitated with zinc, ete. 
Triplicates agree within the personal differences of the spectro- 
photometer readings, +0.1°. A large number, twenty to forty, of 
such determinations can be carried out simultaneously with one 
set of four standards (1 ec.) to cover the range from 0 to 1.0 mg. 
per cent of uric acid. In the absorption cell employed here, the 
absorption is too great to be read conveniently with concentrations 
above 1.0 mg. per cent. 


Creatine and Creatinine 


Two changes in the classical alkaline picrate method are intro- 
duced here. The creatinine is adsorbed on Lloyd’s reagent, and 
in this state washed with acid free of impurities which are not 
adsorbed. ‘The creatinine is then removed from the Lloyd’s re- 
agent by the same alkaline picrate in which the color is developed. 
The color is measured with light whose wave-length is approxi- 
mately 525up. 

The reagents required are two concentrations of HCl, 0.1 N 
and 0.01 n, Lloyd’s reagent (Eli Lilly and Company), and freshly 
made alkaline picrate solution consisting of 10 parts of saturated 
aqueous picric acid and 1 part of 10 per cent sodium hydroxide. 

In the details of the method the procedure employed for con- 
verting creatine to creatinine prefaces the description of the actual 
determination of the creatinine. 

According to the concentration of creatine (or creatinine) pres- 
ent 1 to 5 ce. of solution are pipetted into one of the test-tubes 
described above. One-quarter the volume of 0.1 N HCl is added, 
and the solutions mixed by inversion. A piece of thread is in- 
serted in the neck of the test-tube containing the ground glass 
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stopper. The otherwise stoppered test-tube is autoclaved for 
20 minutes at 30 pounds pressure (130°). After it has cooled, the 
thread is removed, 30 to 40 mg. of Lloyd’s reagent are added, and 
the now tightly stoppered test-tube is continuously shaken to and 
fro by inversion for 10 minutes. It is then centrifuged. The 
supernatant liquid is poured off, the last drop taken off the lip with 
filter paper. 1 cc. of 0.01 N HCl is added, the precipitate resus- 
pended, and then another 1 cc. of the acid is used to wash the 
precipitate down the stopper and the sides of the test-tube. It is 
centrifuged again, the supernatant fluid again discarded, and the 
last drop again taken up with filter paper. 3 cc. of sodium picrate 
solution are then added. The creatinine is removed from the 
Lloyd’s reagent, and at the same time the color is developed by con- 
tinuous gentle rotatory inversion or shaking for 10 minutes. The 
tube is centrifuged again. The supernatant solution is poured 
into the absorption cell, and the absorption read at 525up. At 
this wave-length there is a linear relationship between absorption 
and the concentration of creatinine from 0 to 2.0 mg. per cent 
(2 cc. of solution analyzed). The standards are adsorbed with 
Lloyd’s reagent and washed, etc., with the unknowns. 

We have employed the usual creatinine-zine chloride standard 
(10) in nN/14 HCl. This standard solution does not keep indef- 
initely. We found it necessary to renew it at least once a month. 

With 3 cc. of picrate solution, the smallest quantity which can 
be measured in our absorption cell is 0.001 mg. of creatinine, with 
an error of +0.0001 mg. The absolute error is the same with the 
highest concentrations of creatinine. The sensitivity of the 
method can be increased considerably by using a smaller volume 
of picrate solution, and a suitable change in the absorption vessel 
to increase the depth of solution through which the light passes. 


Allantoin 


The allantoin method is based upon that of Fosse and his 
collaborators (11). In the presence of cyanide to prevent the 
conversion of uric acid to allantoin, allantoin is converted to allan- 
toic acid by an enzyme prepared from soy bean meal. The allan- 
toic acid is then hydrolyzed by acid to glyoxylic acid and urea. 
The glyoxylic acid is measured colorimetrically. The technique 
described by Fosse and his collaborators in our hands gave solu- 
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tions too turbid to be read in the spectrophotometer; the color 
once developed with pure glyoxylic acid faded rapidly, and dupli- 
cates differed by as much as 40 to 50 per cent. 

After a great deal of study a technique was worked out which is 
tolerably satisfactory. Differences between duplicates are still 
as high as +5 percent. The method is not time-consuming, but it 
is laborious. Its chief advantage is its sensitivity. With 2 ce. 
of solution the lowest limit is 0.05 mg. per cent, with an error of 
+5 per cent. 

Reagents 

Enzyme powder. This is prepared from soy bean meal by 
Van Slyke and Cullen’s method for the preparation of urease (4). 

Ammonium carbonate-sodium cyanide. 1.153 gm. of NH,HCOs, 
0.891 gm. of (NH,)2CO;, and 0.46 gm. of NaCN are dissolved to- 
gether in water and made up to 200 ce. 

10 per cent aqueous trichloroacetic acid. 

2 per cent sodium tungstate. 

n/15 sulfuric acid. 

0.5 per cent phenylhydrazine hydrochloride in n/14 HCl. 
Commercial phenylhydrazine hydrochloride is dissolved in water 
and decolorized by boiling with decolorizing charcoal. The hot 
solution is filtered, and after being cooled in an ice-salt bath the 
phenylhydrazine hydrochloride is precipitated by the addition of 
concentrated hydrechloric acid, or by dry HCl gas. The pre- 
cipitate is filtered with suction, washed once quickly with very 
cold HCl, and then set away in a desiccator over calcium oxide in. 
the dark. The solution is made up freshly just before it is to be 
used. 

1.25 per cent potassium ferricyanide in water, also made just 
before it is to be used.. 

Procedure—The details of the procedure are as follows: 10 mg. 
of the dry enzyme powder are transferred to the special test-tubes. 
0.5 ec. of the ammonium carbonate-cyanide solution, 2 cc. of the 
solution to be analyzed, and a drop of chloroform are then added. 
The stoppered test-tube is then set away at 37° overnight (12 
hours). From time to time it is shaken to facilitate solution of the 
enzyme. 2 cc. of the solution with the enzyme powder suspended 
in it are then transferred to another test-tube. 0.2 cc. of 10 per 
cent trichloroacetic acid and 0.1 cc. of 2 per cent sodium tungstate 
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are added. The solution is mixed by inverting several times. 
Then 0.1 ec. of N/15 H.SO, is added and the solution again mixed 
by inversion. ‘These reagents precipitate the protein, and at the 
same time provide the acidity necessary for the hydrolysis of the 
allantoic acid. The stoppered test-tubes are placed in a large 
beaker of water at room temperature, which is then heated 
quickly to 90° for 5 minutes, and then cooled quickly in ice water 
for 2 minutes. 0.3 cc. of 0.5 per cent phenylhydrazine in N/14 
HCl is now added, and the stoppered test-tube shaken vigorously 
and set in a water bath at 60° for 5 minutes, after which it is again 
quickly cooled in ice water. The tube is then centrifuged. Al- 
though the bulk of the coagulum is thrown to the bottom of the 
tube, the surface usually contains a number of coagulated particles. 
As a routine procedure a drop of 95 per cent ethyl! alcohol is floated 
carefully on the surface after the first centrifuging, and the tube 
is centrifuged a second time. 2 cc. of the clear supernatant liquid 
are now carefully pipetted out and transferred to another dry 
test-tube. This is now placed in a beaker containing alcohol and 
solid CO:. A bottle of concentrated HCl has previously been 
placed in this bath. This alecohol-CO, bath is surrounded by 
another ice-salt bath maintained at —15° to —20°. A large 
saucepan will serve for the ice-salt bath, with a beaker in the 
middle for the aleohol-CO:. After about 10 minutes in the alcohol- 
solid CO, bath 1.5 ee. of concentrated HCl are pipetted into the 
test-tube. This is then stoppered and continually inverted up and 
down in the air until the cake of ice melts. Just before the last of 
the ice disappears 0.2 ec. of 1.25 per cent potassium ferricyanide 
is added and quickly mixed by inverting several times. It is then 
set away in the ice-salt bath for 5 minutes, after which it is trans- 
ferred to a water bath (a cup or beaker) at room temperature. 
After 10 minutes in this bath the color is read as quickly as possible 
afterwards, as it slowly fades and becomes turbid. The turbidity 
is associated with some constituent of the enzyme preparation 
which we have so far been unable to eliminate. It is not obtained 
when the color is developed with glyoxylic acid alone. The best 
region of the spectrum for the colorimetry is at 535up. There is 
a linear relation at this wave-length between the absorption and 
concentrations of allantoin (2 cc. used) from 0 to 1.5 mg. per cent. 
The standards are treated in the same manner as the unknowns 
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and at the same time. We have used aqueous solutions of 
allantoin made from a stock solution containing 1 mg. per cc. 
This stock solution must be freshly made each week. It deteri- 
orates even when kept at 0-2°. 

When a large number of determinations are to be made, two 
workers are required for this method. With two practised workers 
it is possible to carry out the completion of twenty to thirty 
determinations, 7.e. after the overnight incubation with the en- 
zyme, in about 3 hours. 


SUMMARY 


1. Improvements are described in the micromethods for the 
determination of ammonia, uric acid, creatinine, and allantoin. 
These improvements lead to a greater stability of the final color, 
increased sensitivity, and specificity, and, by use of a suitable 
approximately monochromatic light in the colorimetry, a great 
extension of the region of linear relationship between intensity of 
color and concentration. 

2. These improvements make it possible to carry out a large 
number of determinations (twenty to forty) at the same time, with 
the use of only a few standards. 
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Little study has been devoted to the anabolic aspects of nitrogen 
metabolism in animals. The reason, of course, has been the diffi- 
culty of obtaining experimental conditions in which these can be 
observed, measured, and analyzed. The experiments of Krebs 
and Henseleit (1) on the formation of urea from ammonia with 
Warburg’s method of surviving slices of liver suggested that this 
method might be useful in a direct attack on a number of problems 
of nitrogen anabolism in animals; 2.c., it might be possible to ob- 
serve reactions in which there is a gain in free energy. It appears 
that for these reactions the intact cell structure is necessary. 

With this end in view suitable micromethods were developed for 
the determination of ammonia, urea, uric acid, creatine (and 
creatinine), and allantoin. These are described in a previous com- 
munication (2). In addition, in the experiments described below 
amino nitrogen was determined by formol titration with the color- 
imetric procedure of Northrop (8) and the microvolumetric tech- 
nique of Linderstr@m-Lang and Holter (4). The details of their 
adaptation are described below. 

With these methods a survey was made of the nitrogen metab- 
olism of the liver, kidney, diaphragm, spleen, and small intestine 
of the rat. The following results of general significance in nitrogen 
metabolism were obtained. Deamination occurs at a significant 
rate only in the kidney and liver. With a mixture of amino acids 
resulting from the complete enzymatic hydrolysis of egg albumin 
the rate of urea formation in the liver per unit weight of tissue was 
the same as ammonia formation in the kidney. As the liver is 
approximately 4 times the size of the two kidneys, the bulk of the 
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deamination in vivo therefore probably occurs in the liver. The 
main site of urea formation, as Krebs and Henseleit have shown, is 
the liver. But it is not the only tissue in which urea can be formed 
from the catabolism of protein. Arginine is also hydrolyzed in 
the small intestine to urea (and probably ornithine, though the 
latter'was not measured). No urea formation could be detected 
in any of the other tissues. Uric acid is formed in every tissue 
except the liver. Allantoin formation occurs only in the liver. 
Uric acid is converted in the liver quantitatively and very quickly 
to allantoin. The precursors of allantoin in the liver are sub- 
stances other than uric acid. Per unit weight the most active 
tissue in uric acid or allantoin formation is the small intestine, of 
which the mucosa is by far the most active part. These results 
indicate that the uricolytic index in the rat is a measure of the 
fraction of uric acid which escapes the liver. New formation of 
creatine was observed in all the tissues except the spleen. With 
liver but with no other tissue this increase was greater when digest 
was added to the Ringer’s solution. No active creatinine forma- 
tion as distinguished from the spontaneous production of creatinine 
from creatine could be detected in the kidney, liver, or diaphragm, 
either from the creatine in these tissues, or from added creatine. 

The animals used in these experiments were Wistar Institute 
adult white rats. They were fasted 24 to 48 hours, and killed by 
stunning. The kidney, liver, and spleen were sliced free-hand 
with a safety razor blade on a filter paper moistened with Ringer’s 
solution. Before slicing the kidney and spleen their capsules were 
removed. The diaphragm was cut away as close to the ribs as 
possible, freed from connective tissue, and each half cut into two 
equal portions. The small intestine (jejunum and upper part of 
ileum) was freed from mesentery and fat, cut into lengths about 
15 mm. long, slit open, and washed thoroughly with a stream of 
Ringer’s solution from a pipette, after any visible intestinal con- 
tents had been picked off. 

The slices and tissue sections were washed in Ringer’s solution 
prepared according to the formula of Krebs and Henseleit, con- 
taining 0.1 per cent glucose, and equilibrated at 37° with a gas 
mixture containing 95 per cent oxygen and 5 per cent carbon diox- 
ide. Each experiment consisted of a series containing the blanks, 
in which the tissues were extracted and analyzed immediately 
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after the washing, and a number of others in which the composition 
of the experimental] Ringer’s solutions was varied. In each mem- 
ber of the series relatively large amounts of tissue were used, 20 to 
100 mg. of dry weight, requiring, for a large experiment, three or 
four animals. The slices or tissue sections were distributed in 
Petri dishes containing about 20 cc. of equilibrated glucose- 
Ringer’s solution, one dish for each member of the series. When 
a sufficient amount of tissue had been obtained, the slices were 
transferred from the Petri dishes to the experimental vessels, con- 
taining as a rule 5 cc. of Ringer’s solution with some other sub- 
stance dissolved in it whose‘influence was being investigated. The 
slices were impaled on tungsten spikes carried on a glass ring into 
which they were fused. As a rule somewhat less than half an hour 
elapsed from the killing of the first animal until all the slices were 
immersed in the experimental solutions. 

The vessels containing the tissue were then attached to Warburg 
manometers, partially immersed in the bath at 37°, and a gas 
mixture of 95 per cent oxygen and 5 per cent carbon dioxide blown 
through for 10 minutes. They were then sealed off, completely 
immersed in the water bath, and rocked at a rate of about 90 
cycles per minute for the duration of the experiment, in most cases 
4 hours. By means of the manometers the gas exchange was 
followed. Only those experiments were taken into account in 
which the tissues respired actively. 

At the end of the experiment the tissues were extracted as 
follows: The Ringer’s solution was pipetted into a 25 cc. volu- 
metric flask. The slices were washed with two successive 5 ce. 
portions of 0.001 N HCl, and the washings added to the volumetric 
flask which was then immersed in a boiling water bath for 5 min- 
utes. The slices were washed once more with 5 cc. of the acid, 
which was transferred: to a 25 cc. test-tube, after which the slices 
were removed and added to the test-tube. The vessel itself was 
washed once again with 5 cc. of the acid which was then trans- 
ferred to the test-tube. The test-tube containing the slices and 
washings was placed in a boiling water bath for 10 minutes, after 
which the liquid was poured into a small beaker. ‘The slices, 
which were kept in the test-tube, were extracted in the boiling 
water bath twice more for 10 minute intervals with 5 ce. portions of 
acid, and finally for 5 minutes with 5 ce. of acid. All the washings 
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were collected in the beaker, evaporated down on a hot-plate, and 
added to the 25 cc. volumetric flask. After cooling to room tem- 
perature, the contents were diluted with 0.001 nN HCl to the mark, 
and then filtered. The filtrate was used for the analyses.. The 
precipitate of coagulated protein remaining on the filter paper was 
washed several times with distilled water and then added to the 
slices which were transferred to small glass cups (the rounded ends 
of small test-tubes) of about 10 mm. internal diameter, in which 
they were dried at 100—105° to constant weight. 

The free amino nitrogen determinations were carried out as 
follows: 1 small drop of neutral red sohition was added to 3 ce. of 
the filtrate in a 25 ec. Erlenmeyer flask, and dilute H2SO, (0.135 Nn) 
was added until the solution was just acid, after which the solution 
was evacuated with a suction pump to remove the carbon dioxide. 
Dilute sodium hydroxide was now added to the solution until it 
was nearly neutral, and the solution again evacuated to remove 
any carbon dioxide added with the sodium hydroxide. Approxi- 
mately 0.3 ce. was taken for titration. Another small drop of 
neutral red was added, and the solution then titrated to match a 
phosphate buffer at pH 7.0 containing the same concentration of 
neutral red. Then an equal volume of commercial formaldehyde, 
diluted 1:1 with water and neutralized to phenolphthalein, and 6 
small drops of 0.2 per cent phenolphthalein were added. This 
mixture was titrated to match a standard consisting of Ringer’s 
solution containing the same concentration of neutral red, and 
formaldehyde, one-sixth the concentration of phenolphthalein, 
and sufficient alkali to develop the maximum color of the phenol- 
phthalein. The alkali used in the second stage minus the titra- 
tion value of the same quantity of Ringer’s solution (or water) 
similarly titrated in two stages and containing formaldehyde was 
taken as representing the amino nitrogen plus ammonia present. 

The 0.3 ec. aliquots were delivered from a micropipette described 
by Linderstrg@m-Lang and Holter, at a uniform rate with a constant 
pressure of nitrogen, into small vials 30 mm. high and 7 mm. in 
inside diameter. The titrating fluid, n/14 NaOH, was delivered 
from a microburette of the type described by Linderstrém-Lang 
and Holter containing 100 c.mm. in a length of approximately 50 
em. The carbon dioxide of the air seriously interferes with the 
titration carried out on this micro scale. This difficulty was over- 
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come by carrying out the titration in a closed chamber kept free 
of air as follows: The vial was screwed up against a brass plate 
covering the top. Through small holes in this plate pass a small 
glass stirring rod, the tip of the burette reaching into the solution, 
and a small tube of about 1 mm. inside diameter extending for 
only a few mm. below the brass plate. Through this tube a rapid 
current of alkali-washed nitrogen was passed. This procedure 
kept the chamber sufficiently free of CO.. The usual titration 
figures ranged from 12 to 40 c.mm. of n/14 NaOH for 0.3 ce. of 
solution. The blank was usually about 6 to8¢.mm. The titra- 
tions were always carried out in triplicate. After some practise 
extremes differed by not more than 0.3 c.mm. 

The present studies, to our knowledge, are the first in which an 
attempt has been made in experiments with surviving tissue slices 
to construct a balance sheet of the non-heat-coagulable nitrogen. 
In all previous studies only one or two constituents have been » 
measured, and the possibility remained that the changes observed 
were in part or entirely in the initial constituents of the tissues 
induced by the addition of the substances whose effect was being 
investigated, and were not changes effected by the tissues in the 
added substances. By determining the total nitrogen and most 
of the known nitrogenous constituents at least the gross changes 
observed could be allocated to the initial constituents of the tissues 
or to the added digest. 

Most of the results are summarized in Table I. They are 
averages of over 100 experiments. The individual deviations 
from these averages were small, and were in no case in the opposite 
direction from those given. The blank values are those obtained 
from the tissues boiled and extracted at the beginning of the ex- 
periment. The others are differences from these blank values 
when the tissues were maintained in Ringer’s solution for 4 hours 
at 37°. 

Considering first the changes in Ringer’s solution alone, Table 
I shows that increases occurred in every category. Computed in 
terms of the whole animal for 24 hours, these changes are 6 to 
10 times greater than the endogenous nitrogen metabolism of 
the rat (5). These might be interpreted therefore as autolytic 
changes; 7.e., they represent qualitatively abnormal disintegration 
of the cells. If this is the case, it may be expected that the rate 
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of increase would not fall off quickly, and might even increase. 
Actually the maximum rate of increase was in the lst hour, and 
became progressively less over a period of 6 hours. It seems 
therefore that the changes recorded in Table I may be related to 
the breakdown of labile nitrogenous constituents present in the 
cell in a limited quantity. 

For the time being, until the factors influencing the rate of pro- 
duction of the various substances have been studied further, the 
data will be interpreted only as revealing the presence or absence 
of certain potentialities in the different tissues. 

The changes in total soluble nitrogen show that protein hydrol- 
ysis, 2.e. the production of non-heat-coagulable nitrogen, may 
occur in all the tissues. The very large changes observed with 
intestine are not surprising in view of the active secretory function 
of this tissue and the hydrolyzing enzymes elaborated there. 

The changes in the amino nitrogen and residual nitrogen are 
additional evidence that some hydrolysis of polypeptides or pro- 
tein occurred. The largest absolute changes were again in the 
intestine, but the greatest relative change indicated by the residual 
nitrogen figures was in the kidney. 

In accord with the observations of Krebs (6), the most extensive 
ammonia formation was in the kidney. The amount of ammonia 
formed by the intestine is relatively small, considering the enor- 
mous increase in free amino nitrogen. 

The most active urea formation was, of course, in the liver. But 
some urea was also formed in the intestine. The values given for 
the other tissues fall just within the limits of uncertainty of the 
method. 

Allantoin is formed in the liver; uric acid in all other tissues. 
The very small quantities.in the blanks indicate that both these 
substances are very diffusible, and hence are easily washed out. 
Experiments in which liver and kidney slices were incubated to- 
gether proved (taken in conjunction with the specificity of the 
method) that the substance formed in the kidney is uric acid. 
Under these conditions no uric acid was found. The allantoin 
was the sum of the allantoin formed by the liver alone plus the uric 
acid formed by the kidney alone. Uric acid added to Ringer’s 
solution in which liver slices were suspended was later quantita- 
tively recovered as allantoin. 
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Increases in total creatine were found with every tissue except 
the spleen. The largest increases were with diaphragm, the least 
with liver. The large amounts of creatine in the blanks were to be 
expected, since most of the creatine is probably held in the tissues 
as phosphocreatine. 

The proof is not as complete with the creatine as it is with uric 
acid that the chromogenic substance with alkaline picrate is 
creatinine, derived from creatine. There is no enzymatic method 
which could be used on the micro scale necessary here; and the 
quantities are too small to be extracted and identified in the form 
of a well defined derivative, such as the creatinine zinc chloride, for 
example. Nevertheless, there are good reasons for accepting the 
figures as indicative of creatine. First the chromogenic substance 
with alkaline picrate is adsorbed on Lloyd’s reagent and washed. 
Secondly, the quantity obtained ‘before autoclaving in 0.2 n HCl 
is very small. Thirdly, the blank values are lower than the 
creatine figures quoted for these tissues (7). 

It has long been known that creatine (and creatinine) synthesis 
occurs normally in young animals from both exogenous and endog- 
enous protein nitrogen (7, 8) and may apparently be increased by 
any of a large number of amino acids (9). The data in Table I 
constitute one of the first pieces of direct evidence that creatine 
synthesis may be continually in progress in the normal adult 
animal. 

The figures in Table I in the experiments with nitrogen added 
to the Ringer’s solution represent the difference between the 
amounts found at the end of the experiment minus the blank 
values and minus the quantities of the various substances added. 
Where the resulting figure is less than that obtained with Ringer’s 
solution alone, it indicates either retardation of the ‘‘autolytic”’ 
process, or removal of some of the added material, or both. Where 
the resulting figure is greater than in plain Ringer’s solution, in 
view of the changes in total soluble nitrogen, it may be taken that 
the difference represents action of the tissues on some constituent 
of the added digest. 

In most experiments we preferred to use a mixture of amino acids 
resulting from the complete enzymatic hydrolysis of egg albumin, 
rather than a single amino acid. For the purposes of this survey 
it seemed preferable to present to the tissues a physiological mix- 
ture of amino acids in approximately physiological concentration. 
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The changes in total soluble nitrogen afford no evidence of any 
increased breakdown of tissue consequent upon the addition of 
amino acids; 2.e., of any stimulation of endogenous nitrogen metab- 
olism by the added amino acids. 

The amino acid and ammonia figures with liver and kidney are 
distinctly less than those with plain Ringer’s solution. In the 
case of the liver they represent the conversion of amino nitrogen 
and ammonia to urea; in the kidney, deamination with the forma- 
tion of ammonia. The negative figures indicate that the quantity 
of amino nitrogen or ammonia removed from the mixture of added 
amino acids was greater than that formed in Ringer’s solution 
alone. 

The amount of urea formed in the liver compared with the 
ammonia formation in the kidney shows that the liver is as active 
in the deamination of a mixture of amino acids, under comparable 
conditions, as the kidney. In this respect our results differ from 
those of Krebs who found in experiments with individual amino 
acids suspended in a phosphate buffer solution relatively much 
less urea formation in the liver than ammonia in the kidney. It is 
possible, in fact there is definite indication in Krebs’ data, that the 
rate of deamination of amino acids in the liver, similar to the rate 
of urea formation from ammonia (1), is faster in a CO,-bicarbonate- 
Ringer’s solution than in the less physiological phosphate buffer 
solution at the same pH. 

More urea was formed in the liver than could be accounted for 
by the amino nitrogen and ammonia which had disappeared. This 
excess was greater than the urea which could have arisen from the 
hydrolysis of all the added arginine. One of the sources of non- 
amino nitrogen convertible to urea is probably histidine. Edl- 
bacher and Neber (10) have demonstrated the existence in the liver 
of an enzyme capable of converting at least one of the imidazole 
nitrogen atoms of histidine to ammonia. We found that histidine 
added to liver slices led to a marked increase in free ammonia and 
urea. In the experiments with the mixture of amino acids the 
urea formed could be accounted for by the amino nitrogen and 
ammonia which had disappeared, and by assuming that all the 
arginine was hydrolyzed and that the imidazole nitrogen of all the 
added histidine was converted to urea. It seems improbable from 
our experiments with histidine alone that all the histidine added 
with the digest was decomposed. It is more probable that there 
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are still other forms of non-amino nitrogen, proline for example, 
which the liver can convert to urea. 

In the kidney only part of the amino nitrogen which had dis- 
appeared could be accounted for as ammonia, uric acid, or creatine. 
Krebs (6) similarly observed a much greater disappearance of 
amino groups when individual amino acids were added to kidney 
slices than could be accounted for by the increase in ammonia. 

Table II shows the formation of urea from arginine in the small 
intestine. The urea formed in the Ringer’s solution alone could 
have arisen from arginine liberated by the “autolysis’’ of the 
intestine. ‘Table I shows there is a great increase in amino nitro- 
gen when the small intestine is incubated in Ringer’s solution for 


TABLE II 


Urea Formation by Rat Small Intestine, in 4 Hours at 37.5°, per 100 Mg. of Dry 
Weight of Tissue 


— Additional contents of Ringer’s solution (5 cc.) Urea N 
mg. X 108 
1 Blank; tissue analyzed immediately 7 
None 120 
3 Complete enzymatic hydrolysate of egg albumin; N = 112 
32 mg. % 
4 (3) + 15 mg. % NH;-N 100 _ 
5 (3) +10 ‘* % ornithine 105 
6 (3) +15 “ % NH;-N + 10 mg. % ornithine 82 
7 20 mg. % arginine 365 


4 hours at 37.5°. Table II also shows that no other amino acid, 
with or without added ammonia, nor ammonia itself can serve as a 
precursor of urea in the intestine. 

As pointed out above the method of surviving tissue slices 
holds out the hope of observing and possibly of analyzing anabolic 
processes. In the physicochemical sense the synthesis of urea from 
ammonia and carbon dioxide is such a process because in this 
“half reaction” there is a gain in free energy which must be ob- 
tained from an energy-yielding reaction with which it must be 
coupled.!. From the physiological point of view urea formation 


1 The formation of urea from ammonia and carbon dioxide may be 
written as 


(1) 2NH; + H.CO; (aqueous) CO(NH:2). + 2H,O 
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is, on the contrary, a catabolic phenomenon. This complete 
antithesis between physicochemical and physiological classifica- 
tion raises the question of whether it will be profitable to retain 
the classical concepts of anabolism and catabolism. Of anabolic 
processes in both the physiological and physicochemical sense we 
have obtained clear indications only of the formation of amino 
groups from ammonia, in the kidney and in the spleen.?_ The data 


or as 
(2) 2NH,*+ + 2HCO;- = CO(NH,). + H:CO; (aqueous) 


According to Equation 1 AH for the conditions in the plasma is —6600 
calories; for Equation 2 +11,700 calories. The difference is the energy of 
ionization. The reaction in Equation 1 is exothermic, in Equation 2 endo- 
thermic. A priori either reaction is possible. From consideration of the 
heat changes alone it is obviously not safe even to guess whether the syn- 
thesis of urea from ammonia and CO, could proceed spontaneously or not; 
i.e., whether it is dependent on another energy-liberating reaction or not. 
This uncertainty is removed when the free energy data are taken into 
account. Since the ions and the undissociated molecules are in equilibrium, 
the free energy change AF is the same whether calculated from Equation 1 
or 2, and under the conditions existing in the plasma amounts to +14,300 
calories. The synthesis of urea under these conditions therefore cannot 
proceed spontaneously. 

2 The formation of an amino acid from ammonia and a non-nitrogenous 
acid may involve a positive or a negative free energy change. It would be 
unsafe therefore without definition of the actual chemical reaction which 
has occurred to conclude that an increase in free amino groups at the ex- 
pense of ammonia necessarily implied the existence of another reaction 
coupled with it yielding the energy for this synthesis. For example, the 
free energy change, AF, in the oxidative deamination of alanine, CH;CH- 
(NH;)*COO- + 40. = CH;C(O)COO- + NH,"*, is approximately —39,000 
calories, when all the reactants are taken at 1 M concentration. From this 
value the equilibrium relationship 

((Pyruvate~) (NH,*))/((alanine*) = K = 10294 
is enormously in favor of deamination. The synthesis of alanine under 
physiological conditions therefore can proceed only if coupled with another 
energy-ylelding reaction. On the other hand, in the reaction l-aspart- 
ate+ = fumarate + NH,*+ the equilibrium expression is 


((Fumarate") (NH,*))/(aspartatet) = 0.011 


In our experiments where the concentration of ammonia was approximately 
0.003 M, an initial concentration of fumarate of 0.116 per cent (0.01 M) would 
spontaneously in the presence of the suitable enzyme lead to the conversion 
of approximately half the ammonia to aspartate, without the intervention 
of any other reaction (11, 12). 
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will be published later as part of a detailed and extensive study 
of this phenomenon alone. 

From the data in Tables I and II we may infer that, while pro- 
tein hydrolysis may occur in all tissues, deamination of amino 
acids takes place only in the liver and kidney. But since the rate 
of determination of a mixture of amino acids under comparable 
conditions is approximately the same in both tissues, and as the 
liver is 4 to 5 times as large as both kidneys combined, the bulk of 
the deamination in vivo probably takes place in the liver. The 
following approximate computation points to the same conclusion. 
A fair estimate of the blood flow through the kidneys of a dog 
weighing 10 kilos is 200 liters in 24 hours (13). The average in- 
crease in ammonia in the blood of the renal vein over that in the 
artery 2 minutes after the injection of alanine is 2 to 3.3 mg. per 
liter (14, 15). The normal difference is of the order of magnitude 
of 1 to 2 mg. per liter. If the high figure is taken, the total nitro- 
gen deaminized in the kidney in 24 hours would be less than 1.0 
gm. The urinary urea nitrogen in a dog in 24 hours may be over 
30 gm. This figure seems even beyond tie possibilities of blood 
flow through the liver. The preferential catabolism of nitrogen 
in the liver is facilitated by the storage of amino acids in the liver 
in the first hours after the passage of amino acids into the blood 
stream (16), and by the presence there of large quantities of labile 
nitrogen (17). 

Urea formation is also a predominantly hepatic function. The 
only urea originating from the catabolism of protein nitrogen which 
can be formed in the intestine can be derived only from arginine, 
absorbed from the intestinal canal during digestion, or from the 
systemic blood. 

The data in Table I show that the digest employed contained 
some material which augmented the uric acid production by the 
kidney and spleen and of allantoin by the liver. The same digest 
inhibited somewhat the uric acid production of the diaphragm. 
On account of the difficulty of obtaining uniform samples of small 
intestine it has not been possible as yet to determine with certainty 
the effect of the digest on its uric acid production. 

The precursor of uric acid and allantoin present in the digest 
has not yet been identified. Glycine, alanine, histidine, lysine, 
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arginine, tryptophane, glutamic acid, proline, alloxan, uracil, and 
urea all gave negative results. Experiments with the purines 
indicated that guanine, xanthine, and possibly hypoxanthine, but 
not adenine, may be the precursors here. It is possible that 
these purines were added with the enzyme preparations in the 
preparation of the hydrolysate. This is being studied further. 
The relatively high concentration of creatine in the liver, kidney, 
and diaphragm blanks contrasted with the negligible quantity of 
uric acid or allantoin indicates the great difference in the diffusi- 
bility from the tissues of these substances. This difference is all 
the more striking because, as Table I shows, all the tissues form 
uric acid or allantoin at a much greater rate than they do creatine. 
The data in Table I show some new formation of creatine from 
exogenous nitrogen in the liver. This result was obtained in 
every one of twenty-four experiments with animals of both sexes, 
varying in age from 4 to 12 months. Small as they are, the values 
with liver, we believe, are the most reliable in the whole series. 
The sampling was the most uniform with this tissue, large amounts 
could be used, and the amount of creatine in the blank was so little 
that absolutely small but relatively large differenges could be 
determined easily. On the other hand, it is uncertain whether 
there was any increased formation of creatine with intestine and 
diaphragm when digest was added. In the case of the intestine 
the sampling was not sufficiently uniform; with the diaphragm 
the blank value was too large for the detection of small increases. 


SUMMARY 


1. Several aspects of the nitrogen metabolism of the isolated 
liver, kidney, diaphragm, and small intestine of the rat have been 
studied by use of surviving slices or sections of these tissues. 

2. When these tissues were incubated in Ringer’s solution, in- 
creases were observed in non-heat-coagulable soluble nitrogen, 
free amino nitrogen, and ammonia in all the tissues. In every 
tissue except the liver uric acid, without any allantoin, was 
formed. Allantoin was formed only in the liver, and from pre- 
cursors other than uric acid. Creatine was formed in all the 
tissues except the spleen. 

3. The addition of a complete enzymatic hydrolysate of egg 


" 
a 
> 
% 
é 
4 
‘ 
€ 


508 Nitrogen Metabolism of Rat Tissue 


albumin led to a slight decrease in the amount of non-heat-coagul- 
able soluble nitrogen, an increase in ammonia in the kidney, of 
urea in the liver and intestine, an increase in uric acid in the kidney 
and spleen, and allantoin and creatine in the liver. 

4. Deamination of amino acids occurred only in the kidney and 
liver, and at approximately the same rate in each tissue. From 
these results and certain general physiological considerations it 
follows that the bulk of the deamination in vivo probably occurs 
in the liver. 

5. Though most of the urea derived from the catabolism of 
protein nitrogen is formed in the liver, some urea formation from 
arginine can occur in the small intestine. 

6. Urea is formed in the liver from sources other than arginine, 
free amino nitrogen, or ammonia.- One of these sources is probably 
histidine. 

7. Uric acid is converted quantitatively to allantoin in the liver. 

8. The significance of the observations on uric acid and allantoin 
formation is discussed in regard to the interpretation of the uri- 
colytic index. | 

9. No acceleration of creatinine formation from creatine could 
be observed ‘with slices of surviving liver, kidney, or diaphragm. 
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The synthesis of fatty acids by molds and fungi has been studied 
by a number of workers. The influence of temperature (1, 2), 
concentration of carbohydrate in the medium (3-5), and the effect 
of mineral composition (6) of the medium have been the subject of 
recent investigations. However, the data thus far reported have 
been obtained by methods which do not allow the separation of 
processes of growth and processes of fatty acid formation, and it is 
conceivable that any factor may have a profoundly different in- 
fluence upon the two processes. Therefore, the results obtained 
from a study of the combined processes may give an entirely wrong 
picture of the effect of various factors which influence fatty acid 
formation. 

The processes of growth and development of the mold mycelium 
and the processes of fatty acid formation may be separated by 
growing the mold upon a suitable medium to the point of formation 
of a fully developed mycelium, and then replacing the medium by 
a second culture solution containing the substance to be studied. 
The conditions in the second culture fluid may be altered at will, 
and in the absence of available nitrogen the mold cannot form any 
additional protoplasm but continues to metabolize quite actively. 
In this way, the conditions somewhat parallel those existing in the 
adult animal body where the mass of active protoplasm is rather 
constant and metabolic activities are concerned with maintenance 
and storage. ; 

This method was used in the work reported here to demonstrate 


* National Research Council Fellow in Medicine, 1932-34. 
511 


5 

i | 

* 


512 Fatty Acids of Aspergillus niger 


that the formation and storage of fatty acids could take place in 
the absence of growth and to study the influence of various 
factors upon the formation of fatty acids under these conditions. 
The influence of hydrogen ion concentration, the presence of 
iodoacetic acid, and of anaerobic conditions has been studied. 


Methods 


Chemical Methods—The major portion of the work done by 
others upon the analysis of the fatty substances of molds has been 
carried out on mycelia which have been dried for long periods at 
temperatures ranging from 65-100°. From the general view-point 
of the methodology of fat determinations, such rigorous treatment 
of material prior to analysis is not desirable because of the risk of 
oxidation. Therefore, a method was evolved which necessitated 
only a brief heating period at 65°. The mycelium was removed 
from the medium and washed with warm water. It was then de- 
hydrated by treatment with two successive 100 cc. portions of 
acetone. The acetone was removed by filtration and evaporated 
to dryness on the steam bath in a stream of CO, in a weighed 
flask. The dehydrated mycelium was dried for 1 hour in a hot air 
oven at 60-65°. The sum of the two weights gives the weight of 
mycelium used for analysis. The mycelium was ground in a mor- 
tar and transferred quantitatively to the flask containing the 
residue of the acetone dehydration, 75 cc. of alcohol and 25 cc. of 
ether were added, and the mixture refluxed on the steam bath 
for 2 hours. The mixture was filtered into a second flask and the 
ether evaporated off on the steam bath. The residual solution was 
saponified by refluxing for 2 hours after the addition of 50 cc. of 
20 per cent alcoholic potassium hydroxide. The saponification 
mixture was diluted with water and extracted with petroleum 
ether. The petroleum ether layer was removed, washed, and 
evaporated in a weighed flask to determine the weight of the un- 
saponifiable matter thus obtained. The saponification mixture 
was then acidified and thoroughly extracted with ethyl ether. 
Petroleum ether was not used because of indications of the presence 
of acids insoluble in petroleum ether. The ether layer was washed 
with water and evaporated in a weighed flask in a stream of CO, 
to determine the weight of fatty acids. The fatty acids were dis- 
solved in chloroform and made up to 50 ec. in a volumetric flask. 
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A suitable aliquot was taken for determination of the iodine num- 
ber by the Rosenmund-Kuhnhenn (7) method as recommended 
by Yasuda (8). 

Culture Methods—The medium used for the cultivation of the 
mold was that of Pruess, Peterson, Steenbock, and Fred (9) which 
they call Medium G.S.' , The medium was distributed in 200 ce. 
quantities in 600 cc. Erlenmeyer flasks and sterilized by autoclay- 
ing at 15 pounds pressure for 15 minutes. 

The culture used in this work was a strain of Aspergillus niger, 
Van Tieghem, received from Dr. Thom by the Department of 
Bacteriology in 1928 and carried in subculture by the author since 
1930. The flasks were inoculated with a spore suspension pre- 
pared from Sabouraud’s agar slant cultures and incubated at 33°. 
After an incubation period of 5 to 7 days the culture fluid was 
poured off and replaced by sterile saline. After the flasks had 
stood for an hour, the saline was poured off and the washing re- 
peated. After the second washing, 150 cc. of the sterile second 
culture fluid were pipetted into the flask beneath the mycelium 
and the cultures incubated at 33° for different periods of time, 
removed, and analyzed. All the above procedure was carried out 
aseptically. 

The second culture fluid contained glucose in 10 per cent con- 
centration and the substance whose effect was being studied. The 
glucose solution was sterilized by autoclaving 200 cc. quantities in 
separate flasks: The phosphate solutions were sterilized by auto- 
claving concentrated solutions. The sterile phosphate solutions 
were added to the sterile glucose solutions to give the proper con- 
centrations. The iodoacetic acid solution was made up concen- 
trated and allowed to stand for a few hours before use. 


- EXPERIMENTAL 


Hydrogen Ion Concentration—In order to study the effect of 
different hydrogen ion concentrations upon the formation of fatty 
acids, the cultures were grown as described above for 6 days and 
then the medium was replaced by 10 per cent glucose solutions 
containing respectively, 0.25 per cent H3POx,, 0.5 per cent KH2PO,, 


1 Composition of Medium G.S.: glucose, 100 gm.; NH,NO;, 10 gm.; 
KH,PQO,, 6.8 gm. ; MgSO,-7H,0, 5.0 gm. ; FeCl;-6H,0, 0.16 gm.; ZnSO,-7H,0, 
0.05 gm.; water, 1000 ce. 
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and 0.5 per cent KzxHPO,;. The cultures were incubated on the 
second culture fluid for 3, 6, 9, and 12 days and removed for anal- 
ysis. Control flasks at 6 days were carried out in each series to 
determine the fatty acid content and weight of mycelium at the 
time the cultures were placed upon the second culture fluid. The 
values indicated for zero time represent the average values at this 
period of time for a large number of cultures. The data obtained 
are presented in Table I. Each value for weight of mycelium 
and fatty acid content represents the average of five to seven 


TABLE [ 
Fatty Acid Content of Aspergillus niger after Incubation upon Second Culture 
Fluid 
Weight Fatty acids 
Time| pH mes I No. 
lium Weight Increase 
days gm gm gm. 
10 per cent glucose + | 0 | 2.4} 4.3 (0.150) 3.5 90-125 
0.25 per cent H;PO, |2.9 | 7.0 |0.326) 4.6 |0.176) 117 {110-115 
6 |6.0}| 6.3 |0.293| 4.6 |0.143} 95 | 99-109 
12 |6.9| 4.9 |0.303) 6.0 \0.153| 102 | 95-113 
10 per cent glucose + 0.5 | O | 3.7 | 4.3 (0.150) 3.5 90-125 
per cent KH2PO, 3 | 4.4) 7.5 (0.358) 3.7 |0.208) 138 |102-125 
6 | 5.6} 6.5 |0.277| 5.5 |0.127| 84 | 90-106 
12 | 6.7 | 5.8 |0.270) 4.6 |0.120) 80 | 91-112 
10 per cent glucose + 0.5 | O | 8.2) 4.3 (0.150) 3.5 90-125 
per cent K,HPO, 3 | 5.3) 7.4 10.312) 4.3 |0.162| 108 {102-118 
6 | 6.4} 7.8 |0.316) 4.0 |0.162} 110 |105-120 
12 | 7.0; 6.9 (0.252) 3.5 0-102 70 |106-117 


determinations. The iodine numbers give the extreme values in 
each case. 

Iodoacetic Acid—A series of experiments was carried out as 
previously described, the initial culture solution being replaced by 
10 per cent glucose plus 0.25 per cent H3PQ, plus 0.001 m iodoacetic 
acid. Control cultures on the original culture solution and on 
glucose and H;PQ, were also carried out. The incubation period 
was 3 days and the temperature 33°. The results obtained are not 
tabulated as it was found that 0.001 m iodoacetic acid had no effect 
upon fatty acid formation. 


* . 
+ 
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Anaerobiosis—The cultures were grown as previously described 
for 5 to 7 days and the medium replaced by 10 per cent glucose 
plus 0.25 per cent HsPO,. The flasks were tightly stoppered with 
rubber stoppers and incubated at 33° for 1 and 3 days and then 
removed for analysis. The results of two typical experiments are 
presented in Table IT. 

Glucose determinations made upon a suitable dilution of the 
filtrate by a method previously published (10) showed that ap- 
proximately 3 gm. of glucose had disappeared per flask after 3 
days incubation. No metabolic products could be found to ac- 


TABLE II 
Effect of Anaerobic Conditions upon Formation of Fatty Acids from Glucose 
by Aspergillus niger 
10 per cent glucose + 0.25 per cent H;PQ,. 


Weight of Fatty acids 
Weight Increase 
days gm. gm. per cent. gm. per cent 
0 2.3 4.6 0.160 3.4 
1 2.7 3.4 0.184 5.4 0.024 15 
2.8 2.8 0.160 5.7 
3 2.8 2.3 0.184 8.0 0.024 15 
2.9 2.4 0.191 8.0 0.031 19 
0 2.3 4.3 0.143 3.3 
1 2.9 3.0 0.186 6.2 0.043 30 
2.7 3.6 0.199 5.5 0.056 39 
3 2.8 2.7 0.194 7.2 0.051 35 
2.8 2.5 0. 203 8.1 0.060 42 


count for the carbohydrate lost. Examination of the culture 
filtrates showed the absence of the following possible metabolic 
products: oxalic, citric, gluconic, and lactic acids, volatile acids, 
ethyl alcohol, mannitol, and glycerol. A distinct negative pres- 
sure in the flasks indicated that no CO, had been formed. 
Polysaccharides—It appears from the work of Norman and co- 
workers (11, 12) that the polysaccharides of molds may be divided 
into a water-soluble fraction, an alkali-soluble fraction, and an ex- 
tremely alkali-resistant polysaccharide containing glucosamine. 
This third component is of interest in the present work. In the 


¥ 
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strain of Aspergillus niger used, the alkali-resistant polysaccharide 
amounts to about 25 to 27 per cent of the dry weight of the 
mycelium grown upon the first culture fluid. The approximate 
determination of this material is quite simple. The dried myce- 
lium is heated on the steam bath for 18 to 24 hours in 10 times its 
weight of 20 per cent KOH. The suspension is poured into sev - 
eral liters of water and washed by decantation through folded 
cheese-cloth, at least 10 liters of water being used. The residue is 
suspended in water and neutralized to litmus with HCl and the 
washing continued with several liters of water. The polysaccha- 
ride is then pressed out, dehydrated with acetone or alcohol, dried 
at 65°, and weighed. Small but unavoidable losses occur with 


TABLE III 
Alkali-Resistant Polysaccharide of Aspergillus niger 
Mycelium Polysaccharide 
Time 
Weight Change Weight Change 
per cent 
days gm. gm. gm. gm. of mycelial 
weight 
0 4.5 1.1 
Aerobic 3 7.0 +2.5 3.1 +2.0 +80 
6.7 +2.2 2.7 +1.6 +73 
Anaerobic 3 2.8 —1.7 1.0 —0.1 =H 
2.6 9 0.95 —0.15 —8 


this method but any other method of filtration has been found 
unsatisfactory and no attempt was made to centrifuge such large 
quantities of fluid. Thorough washing of the residue after diges- 
tion is essential. The accuracy of the determination may be il- 
lustrated by the fact that the weight of resistant polysaccharide in 
the mycelium grown upon the original culture solution for 5 to 7 
days varied only from 25 to 27 per cent in a number of determina- 
tions. The nitrogen content of this material varied from 2.1 to 
3.0 per cent or essentially that found by Norman and Peter- 
son (12). 

Determinations of the polysaccharide were made on the mycelium 
grown upon the original culture solution, and on the cultures after 
incubation upon the second culture solution under aerobic and 


* 
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anaerobic conditions. The results of these experiments are shown 
in Table IIT. | 


DISCUSSION 


Growth processes and fatty acid formation from carbohydrate 
may be separated, and by this means many problems of fatty acid 
metabolism may be studied. The method is applicable to the 
study of the action of inhibitory and stimulatory substances, and 
of the effect of theoretical intermediates; it also provides a means 
of attack upon the problem of the mechanism of fatty acid 
formation. 

The results presented in Table I show that fatty acid formation 
is independent of the initial hydrogen ion concentration within 
certain wide limits. The maximum increase in fatty acids is ob- 
tained after 3 days incubation and represents approximately a 100 
per cent increase in the fatty acid content of the mycelium. At 
this time, the glucose had disappeared from the medium. During 
the subsequent course of events, when the stored polysaccharide 
of the mycelium is being used, as shown by the decreases in weight 
of the mycelium, there is no further increase in fatty acid content. 
Apparently the mold is unable to form fatty acids from mycelial 
reserve material. This may be due to a number of factors, but 
the most probable explanation is that the reserve material is 
liberated slowly for oxidative purposes and never attains the 
limiting concentration necessary for fatty acid formation. 

A considerable degree of variation in the iodine numbers of the 
fatty acids is apparent. Since the range of variation under the 
different experimental conditions is the same as that found in the 
control cultures, no influence of hydrogen ion concentration upon 
the degree of unsaturation of the fatty acids can be found in these 
experiments. ‘ 

It is known that iodoacetic acid inhibits glycolysis and yeast 
fermentation by interfering with phosphorylization of carbohy- 
drate (13). If analogous inhibition of fermentation processes may 
be supposed to take place in the mold culture, it might be expected 
that iodoacetic acid would inhibit fatty acid formation. The fact 
that the formation of fatty acids continues to take place normally 
in the presence of iodoacetic acid may have considerable signifi- 
cance in relation to the aldol condensation theory of fatty acid 


518 Fatty Acids of Aspergillus niger 


formation, although it is impossible to provide a complete inter- 
pretation of these results at the present time. Further experi- 
mental work is in progress upon this problem. 

The slight but definite increase in fatty acids under anaerobic 
conditions is significant in several respects. Pruess and Strong 
(14) reported that the lipid content of molds was increased when 
aeration was restricted by lead foil caps placed over the cotton 
plug of the flasks. The degree of anaerobiosis obtained by that 
method is uncertain but probably not as great as that obtained by 
tightly stoppering the flasks as was done in the work reported here. 
Since it is apparent that anaerobic conditions are not as favorable 
to fatty acid formation as aerobic conditions, it is possible that an 
intermediate point of partial anaerobiosis is the optimum for fatty 
acid formation, perhaps acting through the agency of oxidation- 
reduction potential relationships. The loss in weight of the 
mycelium under anaerobic conditions has previously been ob- 
served for Aspergillus oryzex by Tamiya (15). | 

Kostytschew and Afanassjewa (16) found that Aspergillus niger 
was able to produce an alcoholic fermentation only at a neutral 
reaction of the medium. Therefore, it is not surprising that no 
alcohol was found under the acid conditions used in the anaerobic 
experiments reported here. 

Smedley-MacLean and Hoffert (17) concluded that neither 
acetaldehyde nor pyruvic acid formed an intermediate stage in the 
formation of fatty acids from hexoses by yeast. The formation of 
fatty acids under anaerobic conditions in the absence of a demon- 
strable alcoholic fermentation may lend additional support to the 
idea that there is another mechanism of fatty acid formation than 
by aldol condensation. 

From Table III it may be seen that 70 to 80 per cent of the in- 
crease in weight of the mycelium under aerobic conditions may be 
accounted for by the increase in the alkali-resistant polysaccharide 
fraction. Under anaerobic conditions only a small part, 6 to 8 
per cent of the decrease in weight of the mycelium, may be ac- 
counted for in this fraction. In view of the possible errors in the 
determination it may well be doubted whether there is actually 
any change in the alkali-resistant polysaccharide under anaerobic 
conditions. Most probably the decreases in weight are due to 
decomposition of the other polysaccharide fractions. 
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SUMMARY 


The fully developed mycelium of a strain of Aspergillus niger 
placed upon fresh glucose solution has been shown to synthesize 
fatty acids under conditions in which further growth cannot take 
place. The fatty acid content of the mycelium is increased ap- 
proximately 100 per cent in the course of 3 days. The increase in 
fatty acids is apparently independent of the initial hydrogen ion 
concentration between pH 2.4 and 8.2. No relationship between 
hydrogen ion concentration and degree of unsaturation of the fatty 
acids could be found. 

The presence of iodoacetic acid in 0.001 m concentration had no 
effect upon the synthesis of fatty acids from glucose by Aspergillus 
niger. ; 

Fatty acid formation was found to take place under anaerobic 
conditions but to a lesser degree than under aerobic conditions. 
Glucose disappears under anaerobic conditions but no metabolic 
products have been found. 

The increase in weight of the mycelium on the second culture 
solution under aerobic conditions may be approximately accounted 
for by the increased alkali-resistant polysaccharide fraction, but 
the decrease in weight under anaerobic conditions leaves this 
fraction practically unchanged. 


It is a pleasure to acknowledge the advice and criticism of 
Professor W. R. Bloor during the course of this work. 
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THE ERGOT ALKALOIDS 


V. THE HYDROLYSIS OF ERGOTININE* 
By WALTER A. JACOBS ann LYMAN C. CRAIG 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 27, 1935) 


The reductive cleavage of ergotinine with sodium and butyl 
alcohol has produced a number of substances which have been 
described in a previous communication.! More recently, in the 
series of operations employed for the separation of these substances 
an additional base has been obtained as the gold double salt. 
The analysis of this salt has given figures which agree with a 
formula CsH,,O2:N-HAuCl,. The odor of the free base indicated 
an amino acid methyl ester, and it became probable that we were 
dealing with proline methyl ester. This was then substantiated 
by comparison with the ester and gold double salt produced from 
proline itself. 

This result, as well as a number of other observations which 
were accumulating, has given clues to the identities of the other 
substances which were isolated from the above reaction mixture, 
and therefore also to their precursors in the original alkaloid 
molecule. Aside from lysergic acid and isobutyrylformic acid 
which we had already shown? to result from the alkaline hydrolysis 
of ergotinine, the possibility appeared that these precursors were 
phenylalanine and proline. This has been demonstrated by a 
further study of the hydrolysis of ergotinine by both alkali and 
acid. 

When ergotinine was hydrolyzed by alkali as previously de- 
scribed,? in addition to lysergic and isobutyrylformic acids a crude 


* Preliminary reports of this work have appeared in the J. Am. Chem. 
Soc., 67, 383, 960 (1935). 

1 Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 108, 595 (1935). 

2 Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 104, 547 (1934). 
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fraction was obtained which appeared to be of peptide character. 
Our attempts to crystallize it have thus far been unsuccessful. 
However, on further hydrolysis by strong acid it yielded proline 
and phenylalanine which were practically inactive. Phenylal- 
anine was isolated as the amino acid itself, while the proline fraction 
was converted into the methyl ester which after distillation was 
identified as the gold double salt. 

Since the initial alkaline hydrolysis of ergotinine caused almost 
complete racemization of the amino acids, a logical attempt was 
then made to hydrolyze this alkaloid directly with strong hydro- 
chloric acid. Under the conditions given in the experimental part, 
the lysergic acid portion of the molecule was changed to dark 
colored, amorphous material of obscure character, and no iso- 
butyrylformic acid appeared to survive the treatment. However, 
after decolorization and removal of chlorine ions, /-phenylalanine 
([a]?° = —28°(c = 0.39 in H2O)) was isolated without difficulty 
but was apparently not quite optically pure. The limited amount 
of material at our disposal made a repeated recrystallization im- 
possible. The mother liquor of this amino acid on concentration 
yielded a relatively very small amount of compact crystals of 
another substance which on analysis gave figures agreeing with a 
formula C,4H;s03Ne2 or those required by a peptide of proline and 
phenylalanine. Owing to the very small amount of this material 
at present available, its further investigation has been deferred 
for the moment. From the resulting mother liquor which gave a 
strong pyrrole test, the methyl ester was prepared. This on 
distillation was obtained as d-proline methyl ester, which exhibited 
a rotation of [a] = +34° (c = 0.65 in methyl alcohol). For 
comparison, the methyl ester was prepared from [-proline (Hoff- 
mann-La Roche) and the rotation of this ester was found to be 
[a]? = —35.5° (c = 1.07 in methyl alcohol). Thus, while the 
phenylalanine obtained from ergotinine is the expected natural 
form, we are confronted by a most unique occurrence in the appear- 
ance of the unnatural proline as a simultaneous cleavage product. 
This will require further investigation since it is a most unusual 
observation. It appears scarcely probable that a preliminary 
optical inversion (Walden rearrangement) of either of the amino 
acids could have occurred under the conditions of acid hydrolysis. 

Thus, ergotinine and therefore ergotoxine are composed of 
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proline and phenylalanine combined in peptide linkage with 
lysergic acid, isobutyrylformic acid, and perhaps ammonia. If 
these five products of hydrolysis could be added together with 
loss of 4 moles of water, a substance C3;H390sN; would result, 
which is the formula now accepted for ergotinine. However, the 
ammonia molecule has been shown to be directly attached to 
lysergic acid by the production of ergine (the amide of lysergic 
acid)* with alcoholic alkali. It is not excluded that this amide 
‘group may originally have the form of a linkage of lysergic acid 
on the amino group of an unsaturated valine (or hydroxyvaline) 
as shown in the formula 
/ 
RCO-NH- /C—COOH 
/ 
C 


CH; CHs 


Such a substance on alkaline hydrolysis could give isobutyrylformic 
acid and lysergic amide, which then would go further to ammonia 
and lysergic acid.4 Such a structure could account for the union 
of the above three components with loss of 2 moles of water. A 
difficulty, however, persists in the conciliation of the fact that the 
further addition of the two components proline and phenylalanine 
with the loss of 2 more moles of water would give a substance 
C35H3903Ns5 which would still contain a free carboxyl group in- 
stead of a substance, such as ergotinine, which does not appear 
to combine as such with alkali. It is possible that an additional 
mole of water enters in some way in the make-up of lysergic acid 
itself, which is unsaturated in the remainder of the molecule, so 
that the apparent absénce of a free carboxyl group in ergotinine. 
may be explained by lactam or lactone formation. The opening 
of such a group may explain the conversion of ergotinine into 
ergotoxine. However, further studies which are now in progress 
on the partial cleavage of the ergot alkaloids with hydrolytic agents 


3 Smith, S., and Timmis, G. M., J. Chem. Soc., 763, 1543 (1932); 674 
(1934); Nature, 133, 579 (1934). 

‘ Bergmann, M., Miekeley, A., and Kann, E., Z. physiol. Chem., 146, 
247 (1925). 
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and enzymes will, we hope, throw light on the exact nature and 
order of linkage of the structural units of these alkaloids. 

We shall leave to a later paper the detailed discussion of the 
cleavage of ergotamine and ergoclavine which we have already 
presented elsewhere in preliminary form.® 

The presence of phenylalanine and proline in ergotinine now 
explains a number of previous observations. Both benzoic and 
p-nitrobenzoic acids which were found to result on oxidation of 
ergotinine with nitric acid and permanganate must be products 
of phenylalanine. The pyrrolidine-like odor noted on destructive 
distillation of ergotinine must be formed from proline. The series 
of bases previously described as products of the reductive cleavage 
of ergotinine with sodium and butyl alcohol! can now be properly 
interpreted. 

The substance designated as Base II, isolated as the picrate and 
assigned the formula C,,H29Ne, must be a piperazine resulting from 
the reduction of prolylphenylalanine anhydride. Base IV, also 
isolated as a picrate but assigned the formula C,oHeoNe, must be 
a piperazine, CioH;sNe, resulting from the reduction of proline 
anhydride. Base V, isolated as a di(p-bromobenzoyl) derivative, 
must be the alkamine, C;H,ON, or a-pyrrolidylearbinol resulting 
from the reductive cleavage of the prolyl residue. Finally, Base 
VI, also isolated as a di(p-bromobenzoate), must be phenylpro- 
panolamine, CoH,3;ON, resulting from the reductive cleavage of 
the phenylalanyl residue. This amine also has since been found 
to yield, like phenylalanine, p-nitrobenzoic acid on oxidation with 
nitric acid. Since aliphatic carboxyl groups as such cannot be 
reduced as a rule to alcohols, the formation of the dihydrolysergols, 
a-pyrrolidylearbinol, and phenylpropanolamine is to be expected 
from the fact that their precursors in the molecule do not occur as 
free acids but are conjugated. 

In conclusion, mention must be made of the recent reports of 
the isolation of an apparently identical new alkaloid from ergot 
by two separate groups of workers — Dudley and Moir’ (ergome- 


5 Jacobs, W. A., and Craig, L. C., Science, 81, 256 (1935); J. Am. Chem. 
Soc., 67, 960 (1935). 

§ Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 108, 606 (1935). 
7 Dudley, H. W., and Moir, C., Brit. Med. J., 1, 520 (1935). | 
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trine), and Kharasch and Legault® (ergotocin). This is unques- 
tionably a most important contribution to the pharmacology and 
chemistry of ergot. The former workers have described more 
fully the isolation of their new alkaloid, ergometrine, which from 
its color reactions appeared obviously to be related to the known 
ergot alkaloids. We have convinced ourselves of this fact since 
it has yielded to the same methods which we have employed in the 
case of the other alkaloids. It yields lysergic acid without difh- 
culty on alkaline hydrolysis. Also as already reported by Kharasch 
and Legault, we have failed to detect the liberation of ammonia 
as in the case of the older ergot alkaloids, and in addition we could 
obtain no evidence of the production of isobutyrylformic or 
pyruvic acids. This latter point, taken in connection with the 
absence of ammonia formation, is perhaps significant in the light 
of our previous discussion. 

Thus, it is evident that the new alkaloid differs from the old 
in respect to the nature of the other substances conjugated with 
lysergic acid (or its precursor in the molecule) which appears to be 
directly responsible for the characteristic pharmacodynamic action 
inherent in this group of alkaloids. It is the character of the 
molecule as a whole created by its conjugation with other sub- 
stances which must determine the solubility, absorption, etc., 
which in turn determine the character and intensity of the phar- 
macodynamic action. The difference already noted between 
ergotinine and ergotoxine is but a more exaggerated instance of 
the contrast in action of such closely related substances. 

We are therefore actively continuing the study of lysergic acid, 
the isolation and study of which was first described by us.? It 
appears without question to be related biogenetically to trypto- 
phane since in still unpublished work we have found that deg- 
radation by a number of procedures has given among other sub- 
stances simple indole derivatives. The benzene portion of the 
indole group is unsubstituted and the N-methyl group appears 
definitely to be attached to the non-indole nitrogen. The results 
of this portion of the work as well as possible structures for lysergic 
acid will be presented shortly in a separate communication. 


®§ Kharasch, M. 8., and Legault, R. R., Science, 81, 388 (1935); J. Am. 
Chem. Soc., 57, 956 (1935). 
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EXPERIMENTAL 


Alkaline Hydrolysis of Ergotinine—1 gm. of ergotinine was 
hydrolyzed in potassium hydroxide solution as previously de- 
scribed. The slightly dark colored solution was cooled and made 
acid to Congo red with sulfuric acid. After extraction of the 
mixture with ether to remove isobutyrylformic acid, the aqueous 
solution was treated with sodium carbonate until just neutral to 
Congo red, and the suspension allowed to stand in the refrigerator 
in order to complete the separation of lysergic acid. The almost 
colorless filtrate was evaporated to dryness under reduced pressure 
and extracted with hot alcohol. Evaporation of the alcoholic 
extract gave 500 mg. of residue which was soluble in water. [ree 
amino acids could not be isolated from this material as such. It 
was taken up in 10 cc. of concentrated hydrochloric acid and the 
solution was heated on the steam bath overnight. The dark 
colored solution was evaporated to dryness under reduced pressure, 
and the residue was dissolved in water and made slightly alkaline 
with sodium carbonate. A bluish black precipitate was filtered 
off. The filtrate was treated with 200 mg. of ammonium chloride 
and then evaporated to dryness. The residue was taken up in 
water and the hot solution was treated with bone-black to remove 
color. 

Phenylalanine—The filtrate was concentrated to about 1.5 ce. 
and cooled. Lustrous leaflets separated. After collection with 
a few drops of water, 110 mg. of phenylalanine were obtained. 
The filtrate was set aside for further treatment as given below for 
the separation of proline. The phenylalanine was recrystallized 
from water for analysis. 


C,H:,0.N. Calculated. C 65.45, H 6.72, N 8.48 
Found. ** 65.34, 6.41, 8.33 


It melted with decomposition at 260-265° depending on the 
rate of heating, exactly as phenylalanine, and showed identical 
properties with the naturally occurring amino acid, with the 
exception of optical rotation. It showed only slight optical 
activity. 

Proline—The filtrate from the crude phenylalanine was evap- 
orated to dryness and the residue was treated with 10 cc. of 17 
per cent methyl alcoholic hydrogen chloride. The solution was 
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allowed to stand overnight at room temperature and was then 
evaporated to dryness in vacuo, with every precaution to exclude 
moisture. The residue was dissolved in 1 cc. of methyl alcohol 
and filtered. The filtrate was treated with an excess of powdered 
anhydrous potassium carbonate and again filtered. The filtrate 
was further treated with powdered calcium oxide and filtered. 
The filtrate was then carefully evaporated to a syrup and taken 
up in 5 ce. of dry ether. The ether solution after filtration from 
solid insoluble material was fractionated in a microstill. 60 mg. 
of an oil distilled at 60—85° under 5 mm. pressure and 15 mg. of an 
oil distilled at a higher temperature, under 140°, which was prob- 
ably the methyl ester of phenylalanine. The lower boiling frac- 
tion was shown to be the methyl] ester of proline as follows: 

When dissolved in dilute hydrochloric acid and treated with 
gold chloride, leaflets separated. These were sparingly soluble 
in water but quite soluble in acidified methyl alcohol. It was 
recrystallized from dilute methyl alcohol acidified with hydro- 
chloric acid. It melted at 146-147° and showed no depression in a 
mixed melting point with the synthetic material described below, 
which was prepared from the naturally occurring /-proline. 


CsH1,0.N-HAuCl,. Calculated. C 15.35, H 2.57, Au 42.04 
Found. 15.60, 2.73, 42.21 


The ester proved to have only slight optical activity. It 
reacted readily with phenyl] isothiocyanate in ether solution, and 
the resulting thiourea after recrystallization from methyl] alcohol- 
ether melted at 151° and gave no depression with the analogous 
derivative from l-proline ester. 

Acid Hydrolysis of Ergotinine—1 gm. of ergotinine was heated 
with 50 cc. of HCl (1.19). Solution occurred rapidly and the 
heating was continued’on the steam bath for about 18 hours. The 
almost black solution was diluted and without filtering the pre- 
cipitated material, the mixture was repeatedly extracted with ether. 
The ether residue, while smelling somewhat suggestively of an acid 
like isobutyrylformic acid, did not yield to further investigation. 

The extracted aqueous layer was concentrated as such at 12 
mm. to dryness to remove excess HCl. The residue was extracted 
with water and left undissolved the almost black amorphous 
decomposition products of the lysergic acid portion of the molecule. 


| 
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After filtration through bone-black, the still colored filtrate was 
treated with excess silver sulfate to remove Cl ions. The excess 
silver was removed from the filtrate with H.S. The filtrate from 
this, after removal of excess H.S, was neutralized with BaCQs. 

l-Phenylalanine—The colorless filtrate was concentrated to 
small bulk. After being filtered from a small amount of BaCO; 
which separated, the filtrate was again concentrated to about 2 
ec. Voluminous needles of phenylalanine separated. This was 
collected after standing with a few drops of water. This fraction 
was recrystallized by the addition of alcohol to the solution in 
about 1 cc. of H,O. It formed characteristic leaflets and melted 
at 260° with decomposition. 

= —28° (c = 0.39 in 


CsH::0.N. Calculated. C 65.41, H 6.72 
Found. ** 65.30, 6.74 


The Dipeptide, CysHisO3N2 (?)—The mother liquor from the 
first phenylalanine crystallization was allowed to evaporate almost 
to dryness. Two types of crystals were observed: voluminous 
needles apparently of phenylalanine, and Some hard, stout aggre- 
gates of heavier crystals which absorbed some pigment. On 
addition of a small amount of water, the needles dissolved more 
rapidly and gave opportunity for the collection of the heavier 
crystals with a few drops of water. This substance was also quite 
soluble in water and because of the small amount available at the 
time it was analyzed directly. It gave a strong pyrrole test and 
melted with effervescence at 252° after preliminary softening 
above 200°. 

For analysis it was dried at 110° and 20 mm. 


C.4H:,0;No. Calculated. C 64.08, H 6.92 
Found. 64.43, 7.08 


d-Proline—The mother liquor from the peptide was evaporated 
to dryness. On treating the residue with dry methyl alcohol 
preparatory to esterification, a sparingly soluble substance re- 
mained which was collected with methyl alcohol. It gave no 
pyrrole test and proved to be additional phenylalanine. 

The mother liquor from this material was again concentrated 
to dryness and the residue was dissolved in a small volume of dry 
methyl alcohol. The solution was saturated with HCl gas for 


W. A. Jacobs and L. C. Craig 529 


esterification. The ester was isolated as described above and was 
fractionated in the microstill. On redistillation, material was 
collected at 80-85° (bath temperature) and 15 mm. 

[a]> = +34° (c = 0.65 in methyl alcohol) 


CsH:0:N. Calculated. C 55.77, H 8.59 
Found. ** 55.70, 8.81 


l-Proline Methyl Ester—l-Proline (Hoffmann-La Roche) was 
esterified as usual in dry methyl alcohol with HCl gas. After 
removal of excess solvent and acid, the remaining salt was dis- 
solved in methyl alcohol and the free ester was liberated by suc- 
cessive treatments with dry potassium carbonate and calcium 
oxide. The refractionated ester was collected at 85° (bath 
temperature) and 15 mm. . 

[a]> = —36° (c = 1.07 in methyl alcohol) 


C.H:;,0.N. Calculated. C 55.77, H 8.59 
Found. 55.42, 8.59 


The thiourea obtained from this ester melted at 151°. 
The gold double salt was prepared from this ester as described 
above. It melted at 146—147°. 


C.H:,0.N-HAuCl,. Calculated. C 15.35, H 2.57, Au 42.04 
Found. 15.40, 2.40, 42.11 


Hydrolysis of Ergometrine—0.1 gm. of ergometrine was heated on’ 
the steam bath in 10 ce. of a 12.5 per cent solution of KOH in 50 
per cent methyl alcohol. During the heating, a stream of nitrogen 
was passed through the mixture and then into 0.1 N HCl. After 1 
hour and 10 minutes the reaction was interrupted. No ammonia 
was found to have been collected by the acid. The alkaline 
mixture was diluted with a small volume of water and carefully 
treated with dilute H:SO, until acid to Congo red, which caused 
copious precipitation of salts. The mixture as such was repeatedly 
extracted with ether. The washed and dried ether extract gave no 
appreciable residue and no crystalline material when treated with 
phenylhydrazine in dilute acetic acid. 

The aqueous suspension was just neutralized to Congo red 
with NasCO; and treated with absolute alcohol. The deposit 
which was mostly a mixture of Na2SO, and K:SO, was collected 
with alcohol. This precipitate was digested with a small volume 
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of methyl alcohol containing an excess of ammonia and filtered 
from undissolved salts. The filtrate and washings on concen- 
tration gave a small residue which crystallized under water. This 
was dissolved by the addition of a slight excess of ammonia, and, 
while hot, the solution was slightly acidified with acetic acid and 
treated with bone-black. The hot filtrate was practically color- 
less and on concentration gave practically colorless leaflets which 
corresponded in all properties with lysergic acid, and gave the 
characteristic Keller test. It melted at 228-230°. The limited 
amount of material prevented further recrystallization. 
For analysis the substance was dried at 140° and 2 mm. 


Ci6H,O.N2. Calculated. C 71.69, H 6.00 
Found. 71.49, 5.60 


The original alcoholic mother liquor of the above inorganic 
salts on concentration and further manipulation gave a second 
small fraction which contained lysergic acid. The mother liquor 
of this fraction was then treated with barium carbonate to remove 
excess SO, ions. With the resulting solution no pyrrole test could 
be obtained, thus indicating absence of proline and hydroxy- 
proline. A crystalline substance was obtained, however, which 
was too small in amount for proper identification. 


Addendum—While this paper has been in press, certain discrepancies 
have appeared in the rotation and analyses obtained with our ‘“‘ergo- 
metrine”’’ and the published data for ergometrine and ergotocin. The 
relationship of our “‘ergometrine’”’ to these substances is therefore not 
certain. However, our substance appears to be identical with the re- 
cently reported Ergobasine of Stoll and Burckhardt (Stoll, A., and 
Burckhardt, E., Compt. rend. Acad., 200, 1680 (1935)), and, as we are pre- 
senting elsewhere, it’ has proved to be the hydroxyisopropylamide of 
lysergic acid, Cy9H2302N3. 
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CORRECTIONS 


On page 677, Vol. 109, No. 2, May, 1935, ‘“Discussion and Summary,” 
line 5, read 1 X 10-5 moles for 2 K 10-4 moles; line 9, read 2:1 ratio for 
1:1 ratio; line 15, the equation should read 2R—SH + (H:20O)sP:0;- 


(WOs;) i = R—S—S—R + H.O + (H20) 3P20; (WO;) or (H2O)sP20s- 
(WOs) 16 W20;. 


On page 729, Vol. 110, No. 3, August, 1935, lines 1 and 3, read relative 
for specific. 


On page 732, line 20, read Relative for Specific; read t/to for n/no. 


THE EFFECT OF HEAT AND HOT ALCOHOL ON LIVER 
PROTEINS * 


By WALTER H. SEEGERS anp H. A. MATTILL 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 


(Received for publication, May 25, 1935) 


Many recent studies of the effect of heat on proteins have shown 
that their nutritive value may be impaired if the heating is suffi- 
ciently intense or prolonged. In most cases the heat required is in 
excess of that employed in ordinary cookery. Studies of the 
nutritive value of heated proteins by the nitrogen balance method 
are of special interest because an altered digestibility may accom- 
pany a change in the biological value, and without additional 
evidence one is at a loss to explain correctly some of the observed 
nutritional effects. By the balance sheet method only the quality 
of the absorbed nitrogen is assayed. If, in such an experiment, 
the amino acid make-up of the absorbed nitrogen of the heated 
protein is representative, in its composition, of the dietary protein 
consumed, a low biological value may be ascribed to changes in 
the protein molecule affecting the utility of the amino acids them- 
selves. If, on the other hand, as the result of an altered digesti- 
bility of heated proteins, the absorbed nitrogen is not represent- 
ative of the dietary protein consumed, a lowered biological value 
of the heated protein may rather be due to a change in the pro- 
portions of the amino acids in the mixture liberated by the di- 
gestive enzymes. These theoretical aspects are mentioned by 
Mitchell (1) and discussed by Mitchell and Hamilton (2). In her 
recent review Fixsen (3) especially emphasizes that changes in 
digestibility cannot influence results obtained by the balance 
sheet method, but it is clear that if a chemical change in a protein 


* This research was supported in part by the National Live Stock and 
Meat Board through the Committee on Grants of the National Research 
Council. The work was presented at the meeting of the American Society of 
Biological Chemists, at Detroit, April 12, 1935 (J. Biol. Chem., 109, Ixxx 
(1935)). 
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decreases the usefulness to the tissues of the mixture of amino acids 
resulting from its digestion, such altered protein must have a lower 
biological value than the original native protein. The concept of 
the nutritive value of proteins is, after all, different from the 
biological value expressed by a number. 

Morgan (4) found that toasted or otherwise heated cereal 
proteins or casein have a lowered biological value, and the variable 
alterations in digestibility were considered insignificant. Accord- 
ing to later work from her laboratory (5) lysine and histidine 
favorably supplemented an otherwise adequate ration containing 
casein heated for 30 minutes at 140°. This would indicate damage 
of the lysine and histidine fractions of the protein molecule. 
According to Block, Jones, and Gersdorff (6) the lysine content of 
such heated casein is equal to that of raw casein.! Morgan and 
Kern (7) found the biological value of autoclaved beef muscle to 
be decreased without impairment of the digestibility. In the 
same laboratory it was shown by in vitro work that the proteins in 
bread crust are less rapidly digested than those in the crumb (8). 
Maynard and Tunison (9) and Schneider (10) found that high 
temperature processing lowers the biological value and digestibility 
of fish proteins. 

The biological value and the digestibility of liver proteins are 
lowered slightly by 2 weeks heating at 100°, but in the presence 
of aleohol (78°) these changes become very striking (11). Whena 
carefully dried preparation of liver? was extracted for 130 hours 
in a continuous extractor (12) with 95 per cent alcohol, its di- 
gestibility was reduced to 34 + 1.8 per cent (corrected), and the 
biological value to 29 per cent or less. This preparation did not 
support growth in young rats. 

In the work here described the evidence for a lowered digestibility 
as the result of heating and hot alcohol extraction was confirmed 
and amplified. Also an explanation was sought for the low 
biological value of extracted liver protein, with particular reference 
to the influence of an altered digestibility. If this low biological 


1 These authors quote the opinion of another, who, without experimental 
evidence, suggests that this apparent contradiction may be explained on 
the basis of digestibility, which is supported by the evidence in this present 


paper. 
2 Dried in a vacuum oven at 70-100°. 
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value is due to a poor assortment of amino acids as a result of 
indigestibility of the extracted protein, one should be able, by 
acid hydrolysis, to restore the digestibility and biological value, 
if not to that of the original untreated protein, at least to that of 
similarly hydrolyzed dried whole liver. Also by such hydrolysis 
the capacity of the heated or extracted liver to support growth 
should be made comparable to that of a similarly prepared product 
from untreated liver. Such experiments are described below. 


EXPERIMENTAL 


Digestibility—The general composition of the rations used is 
given in Table I. The figures for digestibility were obtained by 
approximately the same procedure as described by Adolph and Wu 
(13), except that the 3 day preliminary period was followed by a 
6 day collection period; also each animal was fed the same quan- 
tity of each of the preparations in the different periods except with 
the liver heated at 120° for 72 hours. 

As can be seen from Table II, heating at 100° for 2 weeks lowers 
the digestibility only slightly, but heating at 120° for 72 hours or 
extracting for 130 hours lowers the digestibility to less than half 
that of dried whole liver. This lowered digestibility of the ex- 
tracted tissue is specifically due to alcohol because the change 
produced at 78° in 130 hours was much greater than that pro- 
duced by heat alone at 100° for 2 weeks. 

With the generally accepted view that alcohol-treated proteins 
are well digested, the striking and unexpected alteration produced 
by hot aleohol strongly suggests that the protein undergoes some 
gradual change that is not completed until heat is applied in- 
tensely or for a relatively long time. Talarico (15) was apparently 
dealing with a very similar reaction when he observed that cooked 
egg protein was well digested, but that there was a progressive 
decline in the rate of digestion with prolonged heating. While 
the changes produced by heat on dry or alcohol-saturated protein 
appear to be of the same type, it would be difficult to prove that the 
final products of any such treatment are qualitatively the same. 
One can take recourse to a study of the cleavage products and 
thereby begin to elucidate some aspects of this change. If only 
the digestibility is lowered, the hydrolytic products of such altered 
proteins and of the native protein should perforce have the same 
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properties; and as has been pointed out, the capacity of such 
hydrolyzed products to support growth and replace body nitrogen 


TABLE I 
General Composition of Rations* 


Rations used for studying 
Digesti- 
bilityt Growtht Biological value? 
(apparent) 

per cent per cent | per cent per cent 
Liver hydrolysate................. 13.7 6.9 
Unhydrolyzed liver................ 6.1 
72.4 58.6 63.45 70.5 
4.5 4.5 4.5 4.5 
l-Tryptophane.................... 0.2 0.15 
2.0 2.0 


* On the basis of nitrogen determinations (Kjeldahl) the per cent nitro- 
gen was kept uniform in comparable rations by appropriate adjustments in 
the starch component; and in the case of feeding unextracted tissues, also 
in the fat component. 

t Supplemented daily with 0.5 gm. of yeast, which was kindly supplied 
by the Northwestern Yeast Company, and with 5 drops of cod liver oil. 

t Supplemented daily with a yeast concentrate containing 5 mg. of 
nitrogen. 

§ Osborne and Mendel’s as modified by Hawk and Oser (14). 


TABLE II 


Digestibility (Uncorrected*) of Liver Preparations As Determined with Rats 
Weighing 200 to 250 Gm. 


Preparations 


what | | | 
Average digestibility...... 74+1.9 | 704+0.6 | 28+09 | 27+ 2.6 


aes li N intake — fecal N 
* Digestibility = — 100. 


wastage should be an index to damage done, if any, to the amino 
acid constituents themselves. 7 
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Growth—With this end in view some dried whole liver was 
thoroughly extracted with ether* and divided into three parts. 
One part was extracted with hot 95 per cent alcohol in a continuous 
extractor for 130 hours and dried at room temperature; another 
was heated at 120° for 72 hours; the third portion served as control 
material. Portions of the three dry products were hydrolyzed 
in accordance with the procedure of Windus, Catherwood, and 
Rose (16). The dry, finely powdered hydrolysates gave the 
following results upon analysis: untreated liver (ether-extracted), 
11.64 per cent nitrogen; alcohol-extracted liver, 12.75 per cent; 
and heated liver, 12.03 per cent. The last two products were 
prepared a second time for subsequent use in nitrogen balance 
experiments and contained 11.92 and 11.82 per cent of nitrogen 
respectively. They were fed at the equivalent of a 10 per cent 
protein level with added tryptophane as shown in Table I. 

The growth rate on the hydrolysate of alcohol-extracted liver 
was very similar to that on the dried whole liver hydrolysate 
(Fig. 1). At the end of 30 days three animals in each group were 
fed the unhydrolyzed preparation at the same protein level and 
restricted to the average daily intake of the previous 6 days. 
Growth was immediately arrested by the aleohol-extracted product 
but continued unchanged on the dried whole liver. 

With the hydrolysates of the heated liver the results were 
analogous. The somewhat less satisfactory growth can be ex- 
plained partially on the basis of a lowered food consumption which 
was measured but was ad libitum, but the substitution of the 
unhydrolyzed product for the hydrolyzed was immediately fol- 
lowed by loss in weight. It seems, therefore, that hydrolysis 
retrieves, for metabolic purposes, a very large proportion of the 
essential amino acids from ‘otherwise worthless protein. Figura- 
tively speaking, building stones are thereby recovered from the 
ruins. 

Biological Value—The biological value of the three preparations 
was determined by the nitrogen balance method. ‘Twelve rats 
each weighing about 200 gm. were fed a “‘nitrogen-free’”’ ration 
ad libitum for 10 days, and for a further 9 days at a controlled 
level. The nitrogen-free period was prolonged for the purpose of 


3 Ether extraction does not interfere with digestibility. 
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insuring a constancy of nitrogen excretion. The rations contain- 
ing the hydrolysates were fed, as nearly as possible, at the same 
level of uniform food intake as the nitrogen-free diet. By way 
of further precaution, the animals were divided into th ree groups 


LORIED WHOLE HYDROLYZED] 


30 DAYS 


WEIGHT IN GRAMS 


HYDROLYZED 


130 HOURS 


120°C, 3 
HYDROLY ZED 


Fic. 1. Growth curves of rats fed the hydrolysates of dried whole liver, 
liver heated at 120° for 3 days, and alcohol-extracted liver. The arrows 
indicate where the feeding of the respective unhydrolyzed preparations 


was begun. 


and fed so that the order of feeding was not the same with respect 
to the nitrogen-free period. The excreta were collected over 5 
day periods which were preceded by a 4 day preliminary period. 
In the computations metabolic urinary nitrogen was based on 
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body weight. The figures for the endogenous fecal nitrogen were 
those of the nitrogen-free period, used without introducing a cor- 
rection factor. The food control and order of feeding made this 
possible and also avoided the important errors discussed by 
Schneider (17). The experiment concluded with a second nitro- 
gen-free period but the data were unsatisfactory because the 
animals refused to eat a sufficient quantity of the ration. 

The complete metabolic data are not given, but Table III con- 
tains the average figures for the biological value and (true) di- 
gestibility, with probable errors. ‘These figures for the three 
hydrolysates are strikingly alike. Moreover, with the alcohol- 
extracted and with the heated liver the true digestibility of the 
hydrolysates is 3 times the apparent digestibility of the unhydro- 


Taste III 
Biological Value and (True) Digestibility of Liver Hydrolysates 


Hydrol ysate of 


| Dried whole | 120° for 72 hrs. | Extracted 130 


Digestibility (corrected)...........| 83 + 0.6 82+ 0.8 83 + 0.5 


lyzed products (Table II); and the biological value of the extracted 
liver hydrolysates is more than double that of the unhydrolyzed 
extracted protein. With a biuret-free protein hydrolysate one 
would expect the coefficient of true digestibility to be more nearly 
100 than 83. The explanation for this remains obscure, and there 
are apparently no figures available for comparison. In contrast 
the biological values are uniformly higher than one would predict 
from the slow growth rate which is invariably obtained in experi- 
ments involving the use of protein hydrolysates. 

The uniformity of the biological values in all three of the prod- 
ucts suggests the possibility of a limiting amino acid. Only 
tryptophane was added to the hydrolysates. In most of the 
experiments it was fed as 0.15 per cent of the rations and in some 


* The complete metabolic data can be obtained from the authors. 
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as 0.25 per cent with no noticeable difference. This is in accord 
with the experiments of Berg (18) who found 0.2 per cent or less 
to be adequate for good growth. 


DISCUSSION 


The conclusion seems justified that the low biological value of 
alcohol-extracted liver is the result of its decreased digestibility. 
The digested portion of the protein consumed is apparently not 
representative of the original amino acid make-up of that protein. 
The restoration of the digestibility and biological value by hy- 
drolysis lends further weight to the argument that the amino acids 
themselves are not appreciably altered. The effects of the mod- 
erate heat treatment, without alcohol, are strikingly similar and 
in order to explain the metabolic effects which one obtains with 
liver heated at 120° for 72 hours it likewise seems unnecessary to 
assume that certain amino acids are especially heat-labile. 

Morgan (4) does not regard differences in the digestibility of 
heated proteins as significant in altering the biological value, 
although her data on whole wheat are as well explained on that 
basis as otherwise. The efficacy of lysine and histidine (5) in 
improving the assortment or availability of the amino acid mixture 
can also be so explained. Mason and Palmer (19) in their studies 
of zein, a protein variably and not easily digested in the rat, 
found a significant correlation between the exogenous fecal N 
and the exogenous urinary N, suggesting that with decreased 
digestibility of zein there was an increased wastage of the ab- 
sorbed nitrogen, presumably due to unfavorable composition of 
the amino acid mixture absorbed. They found no difference in 
N distribution between ingested zein and fecal zein, and they have 
no explanation for the wide variation in the biological value found 
for zein. As they say, the fundamental explanation for this 
relationship between biological value and digestibility remains to 
be determined. 

The type of chemical changes in the liver proteins, which renders 
them resistant to digestive enzymes, is obscure. It is apparently 
not simple denaturation, for the recent reviews of this subject 
(20, 21) have indicated that denatured proteins are as well digested 
as the original, whereas these liver preparations are not. The 
change may rather be of stereochemical character. 
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SUMMARY 


A carefully dried preparation of beef liver heated at 100° for 
2 weeks is well digested; heating at 120° for 72 hours or hot alcohol 
extraction for 130 hours lowered its digestibility very markedly. 
The acid hydrolysates of dried whole liver, of heated liver, and of 
hot aleohol-extracted (130 hours) liver, gave approximately equal 
growth rates, and had the same biological values and digestibilities 
when they were fed as the source of nitrogen with tryptophane. 
It is believed that the low biological value of these alcohol-ex- 
. tracted or heated liver preparations is the result of a decreased 
digestibility such that the resulting amino acid proportions are not 
representative of the original protein. 
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THE EXTRACTION OF CHOLESTEROL FROM BLOOD 
SERUM 


By I. J. DREKTER, ADOLPH BERNHARD, anp JEROMES. LEOPOLD 


(From the Achelis Laboratory and the Abraham Jacobi Division for Children, 
Lenox Hill Hospital, New York) 


(Received for publication, April 19, 1935) 


Numerous workers (1-9) have suggested that the major portion 
of the serum cholesterol is combined with proteins. Such a protein 
complex might account for the reported difference (10-11) be- 
tween the amounts of cholesterol that can be extracted from dried 
blood serum by an alecohol-ether mixture and by chloroform, 
since this difference cannot be explained on the basis of differential 
solubility of cholestero] in these extractors. It was thought, 
therefore, that a further study of this variation and the serum 
proteins might reveal additional information as to the state of 
cholesterol in the serum. The results of this investigation are the 
subject of the present paper. 


Methods 


The blood sera used in these experiments were obtained from 
normal individuals after a 12 hour fast and before breakfast. 
Throughout this paper the term cholesterol will be used to desig- 
nate all of the substance giving the Liebermann-Burchard reaction. 

Total Cholesterol—1 cc. of fresh serum was thoroughly dried on 
strips of Whatman’s Ne. 100 fat-free filter paper and extracted 
with redistilled alcohol, by a previously published procedure (11), 
and with a modified reflux condenser described by Bernhard (12). 
The serum was extracted for 1 hour over a vigorously boiling 
water bath, the condenser water turned off, and the tube allowed 
to stay in the bath for an additional 15 minutes in order to evap- 
orate most of the solvent. The paper was removed and saved for 
subsequent protein determinations. The remaining solvent was 
removed by placing the tube in a beaker of hot water and applying 
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suction. The cholesterol was determined by colorimetric com- 
parison with standard cholesterol solutions. Alcohol-ether mix- 
ture (3 parts alcohol, 1 part ether), chloroform, and ether extrac- 
tions were also made by the same procedure. When ether was 
used alone, the water bath was regulated to allow for the lower 
boiling point. Caution was exercised that no water was intro- 
duced during the extraction process. 

Total Protein—After removal of the various cholesterol fractions, 
the dried paper, free from the solvents used, was cut into small 
squares and extracted overnight with 5 cc. of distilled water, then 
filtered, and washed twice with 5 ce. portions of distilled water. 
The volume was recorded and the protein from an aliquot portion 
precipitated after the method described by Benedict (13). The 
protein precipitate was dissolved in 10 per cent sodium hydroxide 
and the total nitrogen determined by a modified Kjeldahl method. 
Protein was calculated from total nitrogen values by use of the 
conversion factor 6.25. In all of our experiments the protein of 
the original serum was determined by diluting the serum with 
distilled water and precipitating the protein. 


EXPERIMENTAL 


In preliminary experiments we have corroborated the reported 
variations between the amounts of cholesterol that could be 
extracted by chloroform and by an alcohol-ether mixture from 
dried blood serum. In these experiments it was found that an 
alcohol-ether mixture did not completely extract all of the choles- 
terol in many instances, since reextraction of the paper with 
alcohol yielded additional amounts of cholesterol. Extraction 
with alcohol alone gave results which were always the same or 
higher than those obtained with an alcohol-ether mixture. There- 
fore, alcohol was substituted for the alcohol-ether mixture in 
determining total cholesterol. 

To determine whether similar variations occurred between 
chloroform and alcohol extraction, 150 different specimens of sera 
were studied. Chloroform extraction of the sera yielded only 
20 to 25 per cent of the amount of cholesterol that could be ob- 
tained by alcohol extraction from a duplicate specimen. 

Since ether is likewise an excellent solvent for cholesterol, 
comparative extractions with alcohol on the same sera were studied 


2 
2 
| 


Drekter, Bernhard, and Leopold 543 


in 200 different specimens. Ether values were even lower than 
those obtained with chloroform, being 8 to 20 per cent, with an 
average of 12 per cent, as compared with the amount of alcohol- 
extractable cholesterol. The lower values obtained with ether as 
compared with chloroform were further corroborated by com- 
parative extractions of the same specimens of sera by (a) ether, 
(b) chloroform, and (c) alcohol. In a series of twenty specimens 
the ether values were 10 to 15 per cent and the chloroform 18 to 
25 per cent of the total cholesterol. 

The effect of the various extractors on the solubility of the 
serum proteins was determined. The change in solubility of the 
proteins followed the order of extraction of the cholesterol; the 
more cholesterol extracted, the greater the amount of protein 
rendered insoluble. After ether extraction there was no change, 
after chloroform, 10 per cent was insoluble, while aleohol rendered 
all of the protein insoluble. Control experiments on dried serum, 
not subjected to preliminary extraction of cholesterol, have shown 
that all of the protein could be recovered by extraction with water. 
Since no protein could be detected in the chloroform or alcohol 
extracts from 100 different specimens of sera, it must follow that 
change in solubility of the protein is due to denaturation. 

Rate of Extraction of Cholesterol, and Effect of Partial Extraction 
on Proteins—The rate of extraction of cholesterol and the effect 
of this partial extraction on the denaturation of the proteins was 
studied. Table I records these results. It will be noted that 
alcohol extracts the largest amount of cholesterol in a given time 
period and that the addition of ether inhibits the rate of extraction. 
When alcohol-ether mixture (3 parts alcohol, 1 part ether) is used 
as the extractor, it will be seen that while the rate of extraction is 
decreased, all of the cholesterol can be removed if a vigorously 
boiling water bath is employed, which indicates that temperature 
is an important factor in the complete extraction of cholesterol. 
These observations are confirmed by a study of the rate of ex- 
traction of the same sera with alcohol-ether mixture and with 
alcohol, in a slow, and in a vigorously boiling water bath. The 
results of those observations are shown in Table II. The results 
shown in Table I also indicate that the amount of protein de- 
natured varied with the amount of cholesterol extracted, although 
no mathematical relationship could be established. It would 
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TABLE | 
Rate of Extraction. Effect of Cholesterol Extraction on Serum Protein 


Serum Protein denatured Solvent used 
min. per cent per cent 
A ae 46 22 1.64 22 Alcohol-ether (3:1); 
10 77 37 3.45 46 vigorously boiling 
15 93 44 4.71 63 water bath 
60 208 100 7.50 100 
B 5 41 29 2.0 27 tg " 
10 45 33 2.06 28 
15 67 49 4.42 60 
60 138 100 7.31 100 
C 7} 32 13 0.75 9 Aleohol-ether (2:1); 
15 80 32 0.92 13 slow boiling water 
25 103 41 2.62 34 bath 
45 140 56 3.64 47 
60 193 77 5.81 75 
60 249 100 7.76 100 Alcohol 
D 73 64 24 1.20 16 Alcohol-ether (2:1); 
15 90 34 2.0 26 slow boiling water 
25 103 39 3.64 47 bath 
45 133 50 4.00 52 
60 209 78 4.60 60 
60 266 100 7.68 100 Aleohol 
229 73 71 25 0.70 10 Aleohol-ether (2:1); 
15 121 42 1.88 27 slow boiling water 
25 157 55 2.03 29 bath 
45 159 56 2.35 34 
60 228 80 5.90 86 
60 285 100 6.87 100 Alcohol 
235 1 96 39 0.90 12 a 
3 121 48 2.29 30 
5 160 64 3.53 46 
10 169 68 4.58 52 
15 200 80 5.19 68 
60 249 100 7.71 100 
236 1 115 56 1.17 15 
3 119 58 1.40 18 Alcohol 
5 150 74 3.00 39 
10 170 84 3.65 47 
15 180 89 4.38 57 
60 203 100 7.71 100 
237 1 105 39 1.75 21 
3 186 69 5.18 63 
5 194 72 5.60 68 
10 218 81 6.56 80 Alcohol 
15 248 92 7.57 92 
60 267 100 8.25 100 
544 
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seem that preliminary denaturation of protein might be pre- 
requisite to cholesterol extraction; therefore, experiments were 
conducted in which the proteins of the serum were first denatured 
by heat. 

Effect of Preliminary Denaturation of Proteins by Heat—Ten 
sera were dehydrated by placing them in the refrigerator, pul- 
verizing as much as possible, and then heating in the oven at 55° 
for 3 days. During this period of heating, the serum was removed 
from time to time, powdered, and thoroughly rubbed up. Dupli- 
cate specimens of sera were treated in the same manner, but 
heated to 110° for 3 days. The dried sera were extracted with 
five 50 ec. portions of ether, filtered, and the cholesterol determined 


TABLE II 


Effect of Addition of Ether on Rate of Alcoholic Extraction of Cholesterol from 
Same Specimen of Serum 


Cholesterol extracted, mg. per 100 cc. 
Solvent 
; 3 5 | 10 15 30 45 
min. | min, | min, | min. |] MIM. | min, | Min, 
40 | 91 | 126 | 160 | 200 | 200 
Aleohol-ether (3:1); vigorously 
47 | 57 87 | 115 | 148 | 162 | 200 
Alcohol-ether (3:1); slow boiling 


on the ether extract. Not over 5 per cent of the total cholesterol 
could be found in the ether extract, but upon subsequent re- 
extraction of the serum with alcohol, all of the remaining choles- 
terol could be recovered. These results were independent of the 
temperature at which the sera were heated. The proteins of the 
sera which were heated at 55° were denatured to the extent of 
17 to 56 per cent, while those of the sera heated at 110° were com- 
pletely denatured. Control experiments in which the serum was 
simply dehydrated, and not heated, showed that none of the 
protein was denatured and that not over 5 per cent of the choles- 
terol could be extracted by ether. This experiment also shows 
that the use of filter paper as the drying medium has no effect 
upon the extraction of cholesterol. It would seem, therefore, that 
preliminary denaturation of the serum proteins by heat is not a 
prerequisite for the extraction of serum cholesterol. 
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Effect of Preliminary Denaturation of Serum Proteins with 
Alcohol—Since all of the cholesterol, after the proteins have been 
denatured by heat, can be removed by alcohol, but not by ether, 
it might be supposed that the major portion of the serum choles- 
terol is present in a combination which is soluble only in alcohol. 
The existence of such a combination seems improbable, in view 
of the following experiments, in which 50 specimens of sera were 
examined. The serum was dried on the water bath, then 15 cc. 
of redistilled alcohol were added and the mixture boiled and 


TABLE [II 
Effect of Water upon Cholesterol Extraction from Blood Serum 
Dried serum Wet serum 
is Bis Bis 
mg. mg. mg. mg. mg. 
gm gm. gm. gm. 100 gm. 
V_ | 20 | O | 91 {1.12} 94 |5.18| 250)7.31; Immediate extraction 
91 15.0 | 190/6.22; 2 min. after placing on 
paper 
40 1.43) 164/5.06; 3 
20 |0.78| 166/5.06| 5 
K | 1546.25) 13 | O | 25 |0.62) 50 | 92)4.5 | Immediate extraction 
20 |0.62| 69/3.25) 2min. after placing on 
paper 


thoroughly stirred in order to break up the dried serum and secure 
intimate contact with the alcohol. The alcohol was evaporated 
and the dry serum extracted with ether. All of the cholesterol] was 
found in the ether extract. In other experiments serum was added 
drop by drop to boiling alcohol and the alcohol evaporated. 
Extraction of the residue with ether yielded all of the cholesterol. 

Effect of Water on Extraction of Cholesterol—It is known that 
lipids are more readily extracted from moist proteins, and many 
procedures for the determination of cholesterol depend upon 
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extraction in the wet state. For this reason wet serum was ex- 
tracted with ether, and with chloroform, and the amount of 
protein denatured, as well as the amount of cholesterol, deter- 
mined. The wet serum was placed on strips of paper and the 
extraction was made as soon as possible. Duplicate determina- 
tions were made on samples which were dried in the manner 
previously described. The results of these observations are 
recorded in Table III. Chloroform extracted between 44 and 67 
per cent of the total cholesterol from wet serum; however, the 
remaining cholesterol could be recovered with alcohol extraction. 
With ether, the amount of cholesterol extracted was much lower, 
being not over 30 per cent of the total cholesterol. The amount 
of cholesterol extracted from wet serum with ether and with 
chloroform was invariably greater than from the same specimens 
when dried. When wet serum was extracted with ether, 10 to 58 
per cent of the proteins was denatured, whereas with dried serum 
none of the protein was denatured. With chloroform extraction, 
denaturation of the proteins was greater, the amount varying 
between 52 and 80 per cent, as compared with only 10 per cent for 
dried serum. In both instances the amount of protein denatured 
seemed to vary with the amount of cholesterol extracted. 


DISCUSSION 


The experimental data show that ether extracts only a small 
portion, while alcohol extracts all of the cholesterol from normal 
blood serum. This difference in extraction cannot be ascribed to 
a differential solubility of cholesterol, since it is equally soluble in 
ether and hot alcohol. Therefore, only a small part of the cho- 
lesterol (the ether-extractable portion) can be present in the 
adsorbed or emulsified state, otherwise ether should extract as 
much cholesterol as alcohol. Although ether extraction had no 
effect upon the solubility of the proteins in water, alcohol de- 
natured all of the proteins, when all of the cholesterol was 
removed. 

In alcohol extraction the serum is subjected to higher tempera- 
tures than with ether, and it was thought that denaturation by 
heat might be essential to the complete extraction of cholesterol. 
It has been shown, however, that preliminary denaturation of the 
proteins by heat had no effect on the cholesterol linkage, since all 
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of the cholesterol can be removed by alcohol, and not by ether. 
This might lead to the assumption that cholesterol is present in 
blood serum in such combination that it is only soluble in alcohol. 
That this is improbable is shown by the fact that all of the choles- 
terol is ether-extractable after preliminary denaturation by boiling 
with alcohol. This specific action of alcohol may be due either to 
its dehydrating effect, or to alcoholysis. Dehydration is im- 
probable in view of the results of the experiments in which serum 
was dried at 110° without increasing the amount of cholesterol 
extracted by ether, and also in the experiments on wet serum, 
where the presence of water facilitated the extraction of cholesterol 
by chloroform and by ether. 

The results of the experiments seem to suggest that cholesterol 
in blood serum exists in combination with some substances, 
probably the proteins, and that of the solvents used, alcohol alone 
has the ability to destroy such a linkage. This theory seems 
tenable in view of the necessity for a definite time period for the 
complete extraction of cholesterol, as well as the decrease in the 
rate of extraction by the introduction of ether, which lowers the 
boiling point of the mixture. 


SUMMARY 


Cholesterol exists in blood serum in at least two fractions, 
determinable by their extractability with ether and alcohol. The 
ether fraction, which comprises only a small portion of the total 
cholesterol in normal blood serum, is probably present in either the 
adsorbed or emulsified state. The alcohol fraction seems to be 
linked to the protein and can be removed only by boiling with 
alcohol. ‘This seems to offer a means of differentiation between 
cholesterol bound to protein and that in the adsorbed or emulsified 
state. 

The removal of cholesterol from blood serum is accompanied 
by protein denaturation, although no exact mathematical rela- 
tionship can be established. Preliminary denaturation of the 
proteins by heat does not affect the cholesterol-protein linkage, as 
determined by the amount of cholesterol that could be extracted 
by ether, while the preliminary denaturation by alcohol releases 
all of the cholesterol bound to protein. 
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For the determination of total cholesterol in dried blood serum 
alcohol is a more efficient extractor than either chloroform or ether. 

The presence of water facilitates the extraction of cholesterol 
by chloroform and by ether. 


The authors are indebted to Dr. G. L. Rohdenburg for his 
helpful suggestions and friendly criticism, and to Miss Clara 
Walters for technical assistance. 
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THE EFFECT OF X-RAYS ON GLUTATHIONE 
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Hammett (1), using the qualitative nitroprusside reaction, dem- 
onstrated the destruction of glutathione when water solutions were 
irradiated with 6 and y rays from radium. Woodward (2) con- 
firmed Hammett’s observations quantitatively with radon, but 
failed to find any destruction with as high as 15,600 r units of 
Roentgen rays. She used the accurate titration method of Wood- 
ward and Fry (3) for making her analyses. Hueper et al. (4) 
could find no effect with Roentgen rays when the same and twice 
the dose cited above were used, although they noted a drop from 
37 mg. per cent to 32 mg. per cent of total glutathione with 255 
millicurie hours of radium. 


Materials and Technique 


A water-cooled Seeman z-ray tube having a molybdenum target 
and a thin aluminum portal was employed throughout. ‘The tube 
was run for varying lengths of time at 60 kilovolts, 15 milliamperes, 
6 cm. target distance. Dosage was determined by the use of a 
Victoreen dosimeter. The average wave-length reaching the solu- 
tions was found to be 0.56 A. 

Glutathione, obtained from the Eastman Kodak Company, 
was irradiated in 2 cc. samples contained in Pyrex test-tubes. 
The solution was 1.5 cm. deep and 1.4 em. in diameter. Stoppered 
and open tubes gave identical effects in all cases. The walls of 
the test-tubes had some filtering effect because of the compara- 
tively low voltage used; a correction which took this into account 
was made in calculating the average wave-length. Heat effects 
are extremely unlikely when a Seeman water-cooled tube is used. 
Nevertheless they were checked by immersing a thermometer in 
the solution to be x-rayed; they were found to be nil. Controls 
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were run in all of the experiments reported below under identical 
conditions except for a thick sheet of lead which was placed 
between the sample and the x-ray tube. 

2 drops of 5 per cent NaCN were added to each cc. of glutathione 
before the analyses in order to reduce to the G—SH form any 
glutathione which might have been oxidized to the G—S—S—G 
state. Oxidation beyond the G—S—S—G form will not be re- 
duced to G—SH by NaCN and consequently will not show up in 
either the qualitative or quantitative tests used. Glutathione is 
said, in this paper, to be destroyed when such is the case. No 
attempt has been made to determine the oxidation products of 
glutathione in this investigation. See Woodward (2). 


Qualitative Study 


Freshly prepared solutions of 0.01 per cent glutathione were 
exposed to 20,000, 50,000, and 100,000 r units of x-rays. Imme- 
diately following the irradiation the nitroprusside reaction! was 
applied. As shown in the controls a positive test for glutathione 
at this concentration gives a deep reddish color; the red fades 
after 5 to 10 minutes to a straw color. The x-rayed solutions 
gave a graduated series: Solution 1 was slightly less red than the 
control, Solution 2 pinkish, and Solution 3 almost a straw color. 
All of the irradiated solutions after testing faded faster than the 
controls. 


Quantitative Study 


Variation with Dosage—It now appeared desirable to make a 
quantitative study of the effects of x-rays. For this purpose the 
titration method of Woodward and Fry? (3) was adopted. Glu- 


1 To 5 drops of glutathione solution are added 4 drops of (NH4)2SO,4, 2 
drops of NaCN, 4 drops of nitroprusside, and 2 drops of NH,OH (concen- 
trated). A red coloration shows a positive test. 

2 To 10 ce. samples are added 2.5 cc. of 4 per cent sulfosalicylic acid, 2.5 
ec. of 5 per cent KI (free of I), and 2 drops of 1 per cent starch. This mix- 
ture is titrated with 0.001 Nn KIO; containing 2 per cent sulfosalicylic acid. 
Persistence of blue color marks the end-point. The temperature for titra- 
tion is maintained at 19-20°. The calculation is as follows: 
ec. 0.001 N (for ec. of filtrate) C100 mg. of per 160 00. of 

3.26 (theoretical titer for 1 mg.) 
sample. 
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tathione dissolved in distilled water to 0.01 per cent concentration, 
pH 3.5, was irradiated for 15, 30, 45, and 60 minutes; this corre- 
sponds to 11,500 7 units for each 15 minutes. The average de- 
struction for five tests was 11.5, 21.0, 29.5, and 37.5 per cent respec- 
tively, with a maximum variation from the average of +-1.5 per 
cent. The per cent decrease plotted against dosage shows a linear 
relationship within the range studied (see Fig. 1). 

Variation with Concentration—The concentration of glutathione 
was then varied from 0.001 to 0.06 per cent, while the dose (23,000 
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Fic. 1. The destruction of glutathione with increasing doses of x-rays 


r units) and pH (3.5) were kept constant. The average destruc- 
tion found for three tests, with a maximum variation of +2.0 per 
cent was 73, 30, 20.0, 11.0, 6.5, and 5.0 per cent for concentrations 
of 0.001, 0.005, 0.01, 0.02, 0.04, and 0.06 per cent respectively. 
The per cent concentration has been reduced to M concentration 
in Fig. 2 and is plotted against the moles destroyed (see also 
Table IL). It will be seen that 0.01 per cent or 3.4 K 1074 M 
concentration represents a critical point in the destruction of glu- 
tathione. Evidently a different mechanism operates above and 
below this concentration. No explanation of this observation is 
offered at this time. 
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Variation with pH—Solutions of glutathione (0.02 per cent con- 
centration) were maintained at pH values varying from 3.5 to 
9.00 by using appropriate buffers. These were then irradiated 
with 23,0007 units. In the higher pH range there was considerable 
autoxidation; e.g., at pH 9.0 a 50 per cent decrease in glutathione 
in the course of 90 minutes was noted. The reason for the autox- 
idation is not known; it may be due to the presence of heavy metals 
such as Cu or Fe which have been shown to increase autoxidation 
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Fic. 2. The destruction of glutathione with 23,000 r units of x-rays at 
various concentrations. 


for some substances (e.g. vitamin C) in the higher pH range. Since 
control solutions at identical pH values were employed, the de- 
structions noted in Table I represent the action of the x-rays alone. 

Variation with Media—It was thought possible that the glu- 
tathione was destroyed only on contact with the surface of the 
test-tubes in which it was contained. Accordingly, analyses were 
made in control solutions kept for some hours in Pyrex test-tubes, 
and in Pyrex test-tubes containing several hundred fine Pyrex 


j 
= 
3 
/ 
/ 
/ 
/ 
/ 
7 / 
6 
5 4 
4 4 
3 


V. IX. Kinsey 555 


capillary tubes. Calculation showed that no appreciable destruc- 
tion had occurred. A test-tube was then prepared with areas 
and volumes corresponding with previous experiments, but in 
such manner that capillaries could be introduced into the solution 
and the whole irradiated. The x-rays entered the base of this 
test-tube and passed longitudinally through the capillaries. The 
glutathione received the same dosage as in the previous cases, 
but the glass presented a surface several hundred times greater 
for an equal volume. The results were identical with those of 
the corresponding earlier experiments. 

The test-tube containing capillaries was then turned 90°, so 
that the x-rays passed through the walls of the capillaries. At 
0.01 per cent concentration and 23,000 7 units of x-rays the gluta- 


TABLE | 


Effect of 23,000 r Units of x-Rays on 0.02 Per Cent Glutathione Solutions at 
Various pH Values 


No. of 
Buffer used pH | | Average | | determi 
per cent per cent per cent 
3.5 0.02 11 10-12 6 
4.63 | 0.02 11 10-13 4 


thione destroyed was found to have increased from 21 per cent 
to 27.5 per cent. This increased effect is probably due to the 
increased number of secondary electrons emitted by the capil- 
laries, rather than to any adsorption of glutathione on the surface 
of the glass. 


Energy E. ficiency of Glutathione Destruction 


In order to determine the stability of glutathione relative to 
other compounds affected by x-rays, it is necessary to know how 
much energy is required to destroy 1 mole of this substance. 
Such a calculation may be made for the various concentrations 
irradiated by using the value obtained from the formula proposed 
by Rump (5). In this formula, von Kulenkampff’s (6) experi- 
mental value of 35 electron volts is taken as the work required to 
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form one ion pair in air. (This value may be used approximately 


for water.) 
(1) 
0.36 + o, 


e = 35 electron volts, H = energy, 7 = dosage in r units, p = den- 
sity, @ + o, = part of the absorption coefficient due to photo- 
electrons and recoil electrons. 

In the foregoing the average \ reaching the solution was 0.56 A. 
Rump (5), using the above formula, has found that the energy 
flux £/7 for this \ is equal to 192 ergs per sq. cm. per r unit. 

It now is necessary to determine the fraction of this energy flux 
which is transformed into work of ionization in the water solution 


TABLE II 


Energy Efficiencies of Destruction of Glutathione at Various Concentrations 
(23,000 r Units of z-Rays) 


— 


Concentration Destroyed | 
per cent mM xX cent MX 10°5 M per calories 
0.001 3.4 73 2.5 0.0007 
0.005 17 30 0.00138 
0.01 34 20.0 | 6.8 0.00185 
0.02 68 11.0 | 7.8 0.00232 
0.04 136 6.5 | 8.8 0.00251 
0.06 204 | 5.0 | 10.1 0.00282 


used. Where y represents this fraction, Glocker (7) and Glocker 
and Risse (8) show that: 


(2) 


where » = weakening coefficient, D = thickness of absorbing 
layer. (D averages 1.1 cm. for the test-tubes used in the ex- 
periments.) 

By substitution in Equation 2 of the values obtained from the 
tables by Glocker and Risse (8, 9) for water and A = 0.56 3 
y is found to equal 0.34 (uv = 0.65, Z = 0.45, o, = 0.008, and 
D=1.1em.). Thus 34 per cent of the incident energy is absorbed 
and used in the formation of ions. This gives a value of 65.6 
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ergs per sq. cm. per r unit as the energy flux. In terms of calories 
this is equal to 1.57 X 10-* calories per sq. cm. per r unit, or 
3.51 & 10~* calories per sq. cm. per standard dose (23,000 r units). 

By determining the amount of glutathione destroyed in moles 
at various concentrations the energy efficiencies are calculated 
and listed in Table II. 

From the foregoing it is obvious that the energy efficiency in- 
creases with the concentration. This rate throughout the range 
studied is rather high as compared with the energy efficiency of 
the photolysis of (7.7 mole per calorie) found by 
Clark and Pickett (10), and somewhat less than the extremely 
efficient photochemical chain reaction between HgCle and KeC2O, 
(0.765 mole per calorie). 


SUMMARY 


x-Rays were found to have a destructive effect on aqueous solu- 
tions of glutathione. 

A linear relation was established between the destruction noted 
and the dose employed. 

The deleterious effects of x-rays increase linearly with the con- 
centration from 0.001 to 0.01 per cent glutathione, and above 
this concentration again increase linearly, but at a lesser rate. 

Augmented destruction was found with increasing pH values. 

No effect was observed when glass capillaries were placed in 
the solutions to determine possible adsorption effects of the walls 
of the Pyrex glass test-tubes used for containers. 

The energy efficiency of the destruction of glutathione was then 
determined for various concentrations, and was found to increase 
as the concentration. 


The writer wishes to express his gratitude to those men of the 
Westinghouse Electric and Manufacturing Company who made 
this work possible by offering space and equipment in their Re- 
search Laboratory. Thanks are also extended to Mr. F. J. Hicks 
who assisted in this investigation. 
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VITAMIN C* 


By HENRY TAUBER anp ISRAEL 8S. KLEINER 


(From the Department of Physiology and Physiological Chemistry of the New 
York Homeopathic Medical College and Flower Hospital, New York) 


(Received for publication, June 1, 1935) 


The quantitative determination of vitamin C by chemical 
methods has been the subject of a number of recent investigations. 
Biologic assay is usually more difficult, more costly, and neces- 
sarily much slower. It has been more accurate, however, up to 
the present time. The chief inaccuracy of the volumetric method 
of Tillmans and associates (1) is that certain other constituents of 
plant and animal tissues reduce the dye, since their reduction 
potential is lower than that of the indicator. The recent isolation 
(2, 3) of a powerful and specific ascorbic acid oxidase afforded us 
an opportunity of devising a method for the determination of 
true vitamin C content. In brief, this consists of determining by 
a suitable procedure the reducing power of a tissue extract before 
and after the action of the enzyme. ‘The difference, of course, is 
a measure of the amount of vitamin C present. 

All tissues, Juices, and body fluids cannot be treated alike. If 
it is suspected that some of the vitamin is present in the oxidized 
(non-reducing) form, it may be reduced. ‘This is accomplished 
in the course of the preliminary mercuric acetate purification pro-— 
cedure (4), which is often essential for accurate results. We are 
therefore reporting the technique as we have applied it to several 
typical foodstuffs. The reasons for the variations are usually self- 
_ evident and their applications to other materials will be easily 
appreciated. 

* A preliminary report of this paper appeared in the abstracts of the 
meeting of the Division of Biological Chemistry of the American Chemical 
Society at New York, 1935. 


This work was aided by a grant from the Committee on Scientific Re- 
search, American Medical Association. 
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Preparation of Enzyme Solution 


The pericarp (edible portion) of either Hubbard squash or sum- 
mer squash is minced in a meat chopper. To 250 gm. of minced 
plant tissue 750 ec. of 30 per cent alcohol are added and the mixture 
is shaken for 5 minutes in a 2 liter flask. The extract may now be 
filtered and is ready for use. If ripe Hubbard squash is used for 
the preparation of the extract, practically all the yellow pigment 
may be removed by 24 hours dialysis. 0.5 mg. of ascorbic acid 
should be completely oxidized by 10 cc. of the extract in 30 minutes 
at 38°. If the enzyme solution is weaker, however, the incubation 
time should be increased proportionately. We have not encoun- 
tered weaker extracts. 


Extraction and Purification of Foodstuffs for Analysis 


The Emmerie and van Eekelen mercuric acetate method for 
purifying tissue extracts preliminary to ascorbic acid analysis, as 
used in our laboratory, has been recently described (3). The 
purification is important since cysteine, glutathione, proteins, tan- 
nins, pigments, ete., interfere, reducing the indicator and pro- 
ducing slow bleaching. If, however, these substances are not 
present, no special purification is required. Since this purification 
includes the use of H.S, it insures the reduction of any oxidized 
ascorbic acid which may be present. A uniform method of han- 
dling all biological material is not feasible; therefore various pro- 
cedures are needed. These are given below. 


Preparation of Standard Ascorbic Acid Solution 


This standard is identical with the one given in our earlier 
paper (4). Dissolve 25 mg. of pure ascorbic acid! and 50 mg. of 
cystine in 90 ce. of boiling 0.01 N HCl. Cool and dilute with dis- 
tilled water to 100 cc. This standard keeps for 1 day. A blank 
of the buffered enzyme solution may be run, although we did not 
find that the enzyme solution reduced the indicator. 

Enzymic Method 

The fluid to be analyzed is adjusted to pH 5, and in an aliquot 

portion, the total reduction is determined volumetrically with 


1 We are grateful to Hoffman-La Roche, Inc., for a generous sample of 
synthetic l-ascorbie acid (redoxon). 
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2,6-dichlorobenzenone indophenol. The indicator solution is pre- 
pared by extracting 50 mg. with 150 cc. of boiling distilled water. 
It is standardized against the ascorbic acid-cystine standard. The 
indicator solution does not keep more than 4 days. A second 
aliquot portion is treated with 1 cc. of mM acetate buffer of pH 6 
and 10 ec. of the enzyme solution. It is kept at 38° for 30 to 60 
minutes. At the end of this time enzyme activity is stopped by 
the addition of 1 cc. of 2 per cent H2SO; and the residual reduction 
determined by titration with the dye. The true ascorbic acid may 
now be computed by subtracting the second titration figure from 
the first. 


TABLE I 
Analysis for Vitamin C per Gm. of Substance 
Reduction 
2 ot du eto True ascorbic 
mg mg. mg 
0.50 Trace 0.50 
curic acetate treatment 
Milk (grade B, pasteurized) per 10 
0.07 0.00 0.07 


* Prolonged bleaching occurred until tannins, pigments, etc., were 
removed by treatment with mercuric acetate. 


Oranges, Lemons, Tangerines, and Grapefruit—To 5 ce. of the 
fruit juice 10 cc. of hot 2 per cent H2SO; were added and the 
mixture was centrifuged. 5 ec. of the filtrate were neutralized 
and treated with 1 cc. of M acetate buffer of pH 5.0. The total 
reduction is determined by titrating with the indicator. To an- 
other 5 ec. of neutral filtrate 1 cc. of buffer of pH 6.0 is added, and 
10 ce. of enzyme solution, and the mixture is kept at 38° for 30 
minutes. Then the enzyme action was stopped by the addition 
of 1 cc. of 2 per cent H.2SO, and the material titrated again to 
determine the reduction not due to ascorbic acid. The results of 
these experiments and those to follow are tabulated in Table I. 

Hubbard Squash—25 gm. of ground ‘‘meat’’ of the plant were 
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put in 75 ce. of boiling 2 per cent H,SO, for 2 minutes and filtered. 
The filtrate adjusted to pH 5.0 bleached the indicator continuously 
and an estimation of this type of extract was impossible. This 
continuous reduction, however, disappeared if the mercuric acetate 
method was employed. In the purified extract true vitamin C 
was determined by two titrations. 

Beer—To 50 ce. of bottled light beer 50 cc. of 8 per cent acetic 
acid were added. The mixture was now boiled for 2 minutes to 
expel COQ,. Calcium carbonate was added to reduce the acidity 
to pH 5. This extract showed considerable prolonged reduction 
(bleaching) due to the tannins present in the beer. The mercuric 
precipitation method was therefore applied. There was no reduc- 
tion in the purified beer extract after treatment with mercuric 
acetate. It has been shown in our previous paper that vitamin C 
is not removed by this procedure (4). 

Tea—8 gm. of tea were extracted by boiling with several por- 
tions of 8 per cent acetic acid, making a total volume of 100 cc. 
After adjustment to pH 5 this extract bleached until the tannins 
were removed by the mercuric acetate method. 

Milk—The casein was removed by coagulation with rennin. In 
the filtrate the true vitamin C determination was carried out as 
usual. 


DISCUSSION AND SUMMARY 


In the chemical determination of ascorbic acid in biological 
material there are three types of reducing substances. One type 
produces a slow bleaching of the indicator (cysteine, tannins, etc.). 
This group may be removed by the Emmerie and van Eekelen 
purification procedure. If the ascorbic acid oxidase acts on solu- 
tions purified by this method, the second of these reducing sub- 
stances is oxidized. The oxidized fraction, of course, is ascorbic 
acid. Finally, there is frequently found a residual fraction which 
consists of substances of unknown nature or substances not com- 
pletely removed by the mercuric acetate method. We have 
shown, above, examples of determinations of ascorbic acid in 
various types of foods. Sometimes it is necessary to remove the 
tannins, etc., and sometimes it is not. In every case it is essential 
to determine the residual reduction, 7.e. the reduction not due to 
ascorbic acid. A convenient and rapid method of accomplishing 
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this is afforded by the use of the ascorbic acid oxidase. Thus true 
ascorbic acid figures may be obtained. 

One cannot predict, always, from the class to which a material 
belongs, the amount of residual reduction to be expected. In 
orange Juice there is about 10 per cent, in tangerine juice only a 
trace, and in lemon and grapefruit juice there is no reduction not 
due to ascorbic acid. Furthermore, a preliminary titration may 
give absolutely misleading results. Thus the hot acid extract 
of Hubbard squash gives a prolonged bleaching of the indicator, 
but after precipitation there can be found only 0.015 mg. of true 
ascorbic acid per gm. of tissue. This is noteworthy in view of the 
fact that it contains the ascorbic acid oxidase in large amounts. 
In tea the same marked bleaching occurs but the amount of ascor- 
bie acid is greater. In beer apparently all of the reduction of the 
dye is caused by tannins. Nink (5) also noted a marked reduction 
of the indicator by beer. He questioned the identity of the reduc- 
ing substance present, stating that he was not sure that it was 
vitamin C. In milk all the reduction is caused by ascorbic acid. 
It should be noted that although tea leaves contain about half 
as much ascorbic acid as the citrus fruit juices, the amount avail- 
able from a nutritional standpoint is much less, because of the 
actual amount used in infusions and hence consumed. 

This enzymic method, in conjunction with the mercuric acetate 
purification, when needed, should prove helpful in the determina- 
tion of vitamin C in vitro. We hope to report a series of analytical 
results in the near future. 
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III. DESOXYSARSASAPOGENIN. FURTHER DEGRADATIONS OF 
SARSASAPOGENIN 


By JAMES C. E. SIMPSON* anp WALTER A. JACOBS 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 7, 1935) 


In a previous paper! a provisional structure (I) for sarsasapo- 
genin was suggested on the basis of its behavior on dehydrogena- 
tion with selenium? and on oxidative degradation. The present 
paper deals in part with an attempt to substantiate this formula 
by the conversion of sarsasapogenin into a bile acid degradation 
product. Although this has not been accomplished, the results 
obtained are of interest in that they furnish additional evidence 
regarding the structure of the side chain. 

Since the possibility of the conversion of sarsasapogenin into a 
bile acid derivative after Ring C had been opened appeared re- 
mote, it was necessary to replace the hydroxyl group of the genin 
by hydrogen before subjecting it to oxidation. Clemmensen’s 
method of reduction of sarsasapogenone was unsuitable for this 
purpose on account of the instability, under certain conditions, 
of sarsasapogenin and its derivatives towards hydrochloric acid.? 
Reduction of the semicarbazone of sarsasapogenone by the Kishner- 
Wolff method likewise failed to yield the desired compound. The 
product from this reaction apparently consisted of a mixture of 
sarsasapogenone and isomerides. 

The desired conversion was finally realized by the use of sar- 
sasapogenyl chloride, C27H4302Cl, with a melting point of 227-228°. 
This chloride is formed when a solution of phosphorus pentachlo- 


* Commonwealth Fund Fellow. 
' Simpson, J. C. E., and Jacobs, W. A., J. Biol. Chem., 109, 573 (1935). 
? Jacobs, W. A., and Simpson, J. C. E., J. Biol. Chem., 106, 501 (1934). 
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ride in carbon disulfide is allowed to act upon a chloroform solution 
of sarsasapogenin. The reaction is complicated by side reac- 
tions apparently involving the side chain and resulting in the ex- 
tensive formation of unsaturated and polymeric by-products, 
thereby reducing considerably the yield of chloride. The latter on 
reduction with sodium and amyl alcohol is smoothly converted in 
excellent yield to desorysarsasapogenin, Co7Hy,O2, with a melting 
point of 216-217°. 

When desoxysarsasapogenin was oxidized with fuming nitric 
acid under the conditions employed in the preparation of the di- 
basic lactone acid, (11), from the dibasic acid, 
(III),! the crude product proved to be of resinous nature and was 
completely soluble in sodium carbonate. Apparently, therefore, 
no lactone formation occurs in this reaction. This may be re- 
garded as evidence that the carboxyl group involved in the lac- 
tone group of (II) is that attached to Co,’ since, if that on Cop 
were involved, lactonization might reasonably be expected to occur 
also during the oxidation of desoxysarsasapogenin under similar 
conditions. Evidence of this type, however, must obviously be 
used with extreme caution. 

Oxidation of desoxysarsasapogenin with chromic anhydride 
yielded a mixture of products. The main constituent of the neu- 
tral fraction was a lactone, C22H3,Oc2, with a melting point of 127- 
128°. This compound proved to be moderately resistant towards 
saponification, since the reaction was incomplete when 0.1 N 
alkali was used. The use of 0.5 N alkali caused practically com- 
plete saponification, and the lactone was immediately reformed 
on acidification with acetic acid. The lactone ring proved re- 
sistant towards thionyl chloride under pressure, and was likewise 
unaffected by refluxing with amalgamated zjne and hydrochloric 
acid. The extreme stability of this substance clearly indicates the 
presence in it of a y- or 6-lactone grouping, and we therefore as- 
sign to it the structure (IV). 


3In the paper (foot-note 1) in which the acid (II) is described, the 
statement was inadvertently made that lactonization with the carboxyl 
attached to Cy would fix the position of the hydroxyl group (resulting from 
the opening of one of the oxide bridges) on C,;, thus forming an e-lactone. 
A 6-lactone can, of course, result if the hydroxy] be placed on C;; as shown 
in formula (II), and this structure is obviously to be preferred. 
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This lactone is also characterized by its stability towards oxi- 
dizing agents. Chromic anhydride at 95° attacked it with great 
difficulty. The neutral fraction consisted entirely of unchanged 
material. From the acid fraction a very small yield of an acid was 
isolated as a crystalline methyl ester. Apart from finding that the 
ester is a derivative of a monobasic acid, lack of material prevented 
its proper investigation. The lactone is also extremely resistant 
to the action of hot concentrated nitric acid. It is oxidized by hot 
fuming nitric acid, but only unworkable amounts of crystalline 
material were obtained. 

The acid fraction from the chromic anhydride oxidation of de- 
soxysarsasapogenin proved to be a complex mixture which crys- 
tallized in part after treatment with diazomethane. ‘The result- 
ing ester was not homogeneous, and attempted purification by 
crystallization was unsuccessful. On treatment with semicar- 
bazide, a beautifully crystalline product, C37.H430sNe, was isolated 
in small yield. This formula indicates that it is the disemicarba- 
zone of the ester of a triketomonobasic acid, C2;7H4.0;. The pro- 
duction of such a compound clearly shows (a) that one of the 
oxidie rings in the parent compound must be attached to a ter- 
minal group in the side chain in order to permit formation of an 
acid without loss of carbon atoms, and (b) that the two other points 
to which the oxide bridges are attached in the side chain must be 
carbon atoms allowing the formation of secondary hydroxyl 
groups. This leads to the adoption of formula (V) for desoxysar- 
sasapogenin, from which the acid Ce7HioO; (VIL) would result by 
way of the intermediate glycol (VI). It should be noted that 
only a disemicarbazone has been isolated as a derivative of the 
acid (VII), which is assumed to be a triketo derivative. An al- 
ternative possibility is that this acid may be a monohydroxy- 
diketo acid, C27H.20;, leading to the formula C3o0Hs0O3sNe for the 
ester disemicarbazone. The hydroxyl group would then be pre- 
sumably tertiary, and in view of the uncertainty as to the exact 
carbon skeleton of the side chain this possibility cannot be ex- 
cluded on the basis of analytical figures alone. Lack of material 
has prevented further investigation of this substance. 

A preliminary study has been made of the degradation of the 
acids (II) and (III) by pyrogenic decomposition. Pyrolysis of 
(III) at 300° caused evolution of carbon dioxide and formation of 
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non-crystalline acid and neutral material. Similar treatment of 
(II), on the other hand, resulted in its decomposition into carbon 
dioxide and a ketolactone, C2;H3003, with a melting point of 200.5— 
202°. The formation of this ketone can be explained in either of 
two ways: First, that in the acid C22H32.0. the carboxyl on Cop 
is involved in the lactone group, leaving two carboxyls in the 1,6 
position to form a cyclic ketone. This, however, is contrary to 
the experience of Wieland and Dane‘ with thilobilianic acid; these 
workers found that two such carboxyls form an anhydride on 
pyrolysis. The second explanation, apparently preferable from 
the evidence so far available, is that the two free carboxyls of the 
acid of structure (II) are involved in ketone formation, thus lead- 
ing to a substituted cyclobutanone of formula (VIII). A model 
of (VIII) can be made without involving a great deal of strain in 
either the lactone or the cyclobutane ring. The pyrolysis of a 
substituted glutaric acid to yield a cyclobutanone is not without 
parallel in this field. _Windaus and coworkers,® in the course of a 
long series of degradation products of cholesterol, isolated an acid, 
CosH 4006 (LX), which was degraded to the next lower acid, C23H3sOx 
(XI), by way of the pyro acid, C23H3sO03 (X), containing a cyclo- 
propanone grouping.® 

A reinvestigation of the saponifiability of the dimethyl ester of 


‘ Wieland, H., and Dane, E., Z. physiol. Chem., 210, 268 (1932). 

’ Windaus, A., Rosenbach, A., and Riemann, T., Z. physiol. Chem., 130, 
113 (1923). 

6 In his recent review of the structure of cholesterol and the bile acids 
Windaus (Windaus, A., Z. physiol. Chem., 213, 162 (1932)) writes: ‘‘Die 
Bildung der Dicarbonsiiure C..H;304 [by loss of CO, from (X1)] ist nunmehr 
durch die folgenden Formeln wiederzugeben, die so unbefriedigende Annah- 
men wie die thermische Bildung von Cyclo-propanon- oder Cyclo-butanon- 
ringen unn6étig machen.’’ However, so far as we are aware, the experimen- 
tal evidence presented in the original paper has not been modified, and its 
interpretation in the light of the present sterol formulation necessitates 
the production of (XI) by way of the pyro acid, C2;H;50;, of structure (X) 
instead of the structure (XII) given by Windaus in his review. (The 
experimental evidence referred to consists in saponification data obtained 
with the methyl esters of the acids (X) and (XIII), the latter being the 
precursor of (IX). The methyl ester of (XIII) is practically unattacked 
by N methyl alcoholic potash. On the other hand, that of the acid C2;H3s0; 
is completely saponified under these conditions, whereas if the latter had 
the structure (XII) its ester should show the behavior af (XIII) on 
saponification. ) 
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the acid (III) has disclosed the fact that the apparent comparative 
resistance of the carbomethoxy group on Cy, previously noted! 
is due to the use of aqueous alkali. When alcoholic alkali is used, 
however, this ester group is saponified by 0.1 N alkali. It thus 
resembles ester groups of a similar type such as that attached to 
C; in gitogenic dimethyl ester.’. The other ester group, however, 
is incompletely saponified even by N alcoholic alkali. Our con- 
clusions, therefore, regarding the position of the hydroxyl group 
in sarsasapogenin are in no way invalidated by these facts. The 
necessity for the presence of alcohol was strikingly shown by the 
fact that the ester of (III) was almost completely unattacked after 
5 hours refluxing with N alkali in the absence of alcohol. In the 
case of the lactone (LV) and the ester of (II) the figures obtained 
give a true measure of the extent of saponification, since the end- 
products were readily soluble in very dilute alcohol. 


EXPERIMENTAL 


Sarsasapogenyl Chloride—After a number of experiments in 
which solvent, amount of reagent, and temperature were varied, 
the following conditions were adopted for the preparation of this 
substance. 

5 gm. of sarsasapogenin (dried at 110° and 15 mm.) were dis- 
solved in 40 ec. of chloroform. To the stirred solution 4 gm. of 
phosphorus pentachloride dissolved in 65 cc. of carbon disulfide 
were added during 20 to 25 minutes, the mixture being kept at 0°. 
After a further 5 to 10 minutes the product was poured into 150 
ec. of water. After a further washing with water the chloroform- 
carbon disulfide layer was washed with 5 per cent sodium carbon- 
ate and again with water. The dried solution was concentrated, 
and the residue was crystallized from benzene-alcohol. After 
four or five recrystallizations from the same sdlvents, the chloride 
was obtained in an average yield of 15 per cent. It formed soft 
plates which melted at 226-227°. Material of this purity was 
employed for the preparation of the desoxy compound, but by 
continued recrystallization the melting point was raised to 228- 
229°. It is easily soluble in petroleum ether and benzene, but 
very sparingly so in alcohol. 


7 Jacobs, W. A., and Simpson, J. C. E., J. Biol. Chem., 110, 429 (1935). 
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Calculated. C 74.49, H 9.97, Cl 8.16 
Found. “74.44, “ 9.97, “ 7.30 
74.50, 10.05, 7.45 


Desoxrysarsasapogenin, C2;HyO.—5 gm. of the chloride were 
dissolved in 500 ee. of boiling amyl aleohol. The solution was 
refluxed for 15 hours, during which 30 gm. of sodium were grad- 
ually added. After refluxing for a further 1} hours the solution 
was cooled and treated with water. The amyl alcohol layer was 
washed with water and then distilled with steam. The non- 
volatile material was extracted with ether. The extract yielded 
a crystalline residue which gave a negative Beilstein reaction. 
After one recrystallization from benzene-alecohol it was obtained 
in the pure state. It crystallized in very large, heavy, glistening 
plates which melted at 216-217°. The desoxy compound is 
rather less soluble in hot benzene than the chloride, sparingly 
soluble in alcohol, and even less so in acetic acid. The yield was 
80 to 90 per cent. 


Co7H 4502. Calculated. C 80.93, H 11.08 
Found. 80.77, 10.87 
“31.17, 10.82 


Oxidation of Desoxysarsasapogenin with Chromic Anhydride— 
The oxidation was carried out on small amounts of substance, and 
a number of such experiments were worked up together. 

A suspension of 0.5 gm. of desoxysarsasapogenin in 50 cc. of 
glacial acetic acid was heated to 75° and treated with 8 cc. of a 
solution of chromic anhydride (57 gm.) in acetic acid (900 cc.) 
and water (120 ec.). The latter was added in five to six portions, | 
during 40 minutes, with frequent agitation. At the end of this 
time a small amount of starting material remained undissolved 
and was still in suspension after another hour. The addition of a 
further 2 ec. of reagent caused prompt solution. After 15 min- 
utes a final 2 ec. of reagent were added, and the heating continued 
for 30 minutes. The solution was then poured into 150 cc. of 
water and extracted with ether. The extract was washed re- 
peatedly with water and then with dilute sodium carbonate. At 
times a colloidal mixture was formed, having a pale blue color, 
which required centrifuging. ss 

The Lactone, CoH 3,0. (IV)—The dried ethereal solution on 
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evaporation yielded a yellow oil amounting to about 33 per cent 
of the total oxidation products. Its methyl aleoholic solution 
erystallized on rubbing, and the subsiance after recrystallization 
from 90 per cent methyl alcohol formed flattened needles which 
melted at 127—128° after slight previous sintering. Yield (based 
on starting material), 15 to 18 per cent. 


Caleulated. C 79.94, H 10.38 
Found. 67, “ 10.28 
“79 63, “ 10.36 


11.373 mg. of substance were refluxed in 1 ee. of aleohol and 3 
ec. of 0.1 N NaOH for 4 hours and titrated back against phenol- 
phthalein. Calculated for 1 equivalent, 0.345 ec.; found, 0.246 ec. 

35.135 mg. of substance refluxed for 4 hours in 1 ee. of alcohol 
and 3 ce. of 0.56 N NaOH consumed 0.195 ce. of alkali. Calculated 
for 1 equivalent, 0.213 ce. 

The solution from the second saponification experiment was 
acidified with acetic acid and the product was recrystallized from 
methyl alcohol. It was thus obtained as prismatic needles of 
melting point 127.5-128.5° and gave no depression when mixed 
with the original lactone. 


Found. C 79.88, H 10.52 


The Triketo Acid, Co;HyO; (VII)—The sodium carbonate solu- 
tion obtained from the above oxidation of desoxysarsasapogenin 
was acidified with dilute hydrochloric acid. After ether extrac- 
tion, ete., the acid products, constituting about 60 per cent of the 
weight of starting material, were obtained as a yellow oil which 
was treated with diazomethane. The resulting resinous ester 
was taken up in methyl aleohol. After long standing at 0° it 
partly crystallized. The collected material was still a mixture 
which could not be purified by recrystallization. It was therefore 
treated with an excess of semicarbazide acetate in aqueous alco- 
holic solution and allowed to stand overnight. The solution, from 
which solid material had separated, was diluted with water and 
the mixture was extracted with ether. The concentrated ethereal 
solution gave a solid which was collected with ether (in which it 
was very sparingly soluble). It crystallized from methyl] alcohol. 
After reerystallization from 95 per cent alcohol it formed large 
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leaves which melted with decomposition at 239-240°. The yield 
was extremely small. 
CyoHysO;Ns6. Calculated. C 62.90, H 8.45, N 14.66, OCH; 5.42 


62.67, 8.77, 14.62, “ 5.41 
Found. 62.93, 8.29, 14.34, 5.55 


The original ester mother liquor was treated with a large excess 
of semicarbazide acetate and left at 40° for 90 hours, in an effort 
to obtain more of the disemicarbazone. No crystalline product, 
however, was isolated. 

The Ketone, CxH3003 (VIII)—100 mg. of the acid, Ce2H20¢ 
(II), were placed in a small sublimation apparatus (without con- 
denser) and heated at atmospheric pressure in a current of nitrogen 
for 15 hours at a bath temperature of 300° (+5°). A slow evolu- 
tion of carbon dioxide occurred. The condenser was then inserted 
and the product was allowed to sublime at 260-300° at 0.1 to 
0.2 mm. The sublimate crystallized from aqueous acetone. 
After treatment with charcoal, the product formed colorless 
plates which melted at 19)-195°. After two further crystalliza- 
tions the ketolactone melted at 200.5-202° after slight previous 
sintering. 

Calculated. C 76.31, H 9.16 
Found. “ 76.01, 8.76 


Saponification of the Dimethyl Ester of the Acid, CoHw2O0, UIT), 
with Alcoholic Alkali—0.3407 gm. of the ester, CooH Oc, was re- 
fluxed with 10 ec. of N alcoholic NaOH for 5} hours. The spar- 
ingly soluble ester rapidly dissolved. The solution was then 
titrated against phenolphthalein. Caleulated for 1 equivalent, 
0.695 ec.; found, 1.065 ce. 

0.1947 gm. of the ester was refluxed with 10 ec. of 0.1 N alcoholic 
NaOH. The ester dissolved rapidly, and after refluxing for 4 
hours the solution was titrated against phenolphthalein. Caleu- 
lated for 1 equivalent, 3.97 cc.; found, 4.20 cc. The titrated solu- 
tion was concentrated and acidified. The crystalline precipitate 
was not homogeneous, but consisted mainly of the half ester pre- 
viously described.! It formed prismatic needles (from ethyl ace- 
tate) which melted at 228-229°. Its sodium salt was readily 
soluble in water. 


CoH 40x. Calculated, OCH, 6.51; found, OCH, 7.70 
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THE HISTOCHEMISTRY OF THE ADRENAL GLAND 
II. THE QUANTITATIVE DISTRIBUTION OF LIPOLYTIC ENZYMES 


By DAVID GLICK anp GERSON R. BISKIND 


(From the Pathological and Research Laboratories of the Mount Zion Hospital, 
San Francisco) 


(Received for publication, May 17, 1935) 


In Paper I of this series (1) the quantitative histological dis- 
tribution of vitamin C in the adrenal gland was charted. Ex- 
tending the study of the functional rédle of the various types of 
cells in this organ to include certain enzymes which would appear 
to be of importance, the present investigation is concerned with 
the quantitative histological distribution of esterase and lipase. 
Accordingly, the enzyme content of serial microtome sections 
taken through the gland has been determined, and correlated with 
the histological picture. 

In his early studies on lipolytic enzymes, Loevenhart reported 
that dog adrenal had a slight hydrolytic activity upon ethyl 
butyrate (2), but he would have observed a greater activity had 
his substrate concentration been less, since the maximum velocity 
of hydrolysis occurs in a concentration of 0.005 M ethyl butyrate 
(3), while he employed a concentration 100 times this. Hence 
the hydrolysis was suppressed by the excess substrate inhibition 
(4). 

Porter studied the ability of the adrenal of various animals to 
hydrolyze tributyrin and olive oil (5); in 24 hours he observed no 
hydrolysis of either of these substrates with the human adrenal, 
but a small degree of splitting with ox, sheep, and pig glands. 

Falk and coworkers measured the hydrolytic activity of the 
beef suprarenal upon a variety of esters (6), but more recently 
Parfentieff and Sokoloff (7) have reported no lipolytic activity 
of beef adrenal extract upon tributyrin. 

In the present communication the authors have demonstrated 
a definite tributyrinase and a less active esterase in beef adrenal 
tissue. 
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The reason for the importance of the lipolytic enzymes in the 
adrenal is indicated by the fact that the gland is unusually rich 
in lipids which may be involved in the formation of epinephrine 
(8) as well as other products of the organ (9, 10), and which seem 
to be concerned with certain pathological conditions such as 
scurvy (11). 


EXPERIMENTAL 


As in the preceding investigation (1), beef adrenals from the 
left side were employed, and the glands were obtained and stored 
in the manner already described. The previous procedure also 
was used for the sampling and sectioning of the tissue. 

The acidimetric microtitration method of Glick (12) was em- 
ployed for determination of lipolytic activity with the apparatus 
and technique devised by Linderstr@ém-Lang and Holter (13, 14). 
The method consists of extracting the enzyme from the tissue 
with 30 per cent glycerol, adding an equal volume of buffer-sub- 
strate mixture which consists of 1 per cent methyl butyrate in 
glycine-NaOH buffer having a pH of 8.7, digesting at 40°, stop- 
ping the enzyme action by adding 3.5 times the total volume of 
a mixture made up of 10 volumes of 2 per cent phenol plus 1.5 
volumes of 0.04 per cent brom-thymol blue, and finally titrating 
with 0.05 n HCl to an end-point at pH 6.5. The end-point is 
determined by comparing the color to a standard color solution 
made up of brom-thymol blue in a phosphate buffer of pH 6.5. 
The extent of hydrolysis is found by subtracting the titration 
value from the control value indicating zero digestion. Suitable 
controls are run of non-enzymatiec hydrolysis as well as of auto- 
lysis of the enzyme preparation. 

The apparatus of Linderstrgm-Lang and Holter enables a 1000- 
fold refinement of macrotitrations without loss of accuracy, so 
that the above method may be applied to estimating lipolytic 
activity in microtome sections of fresh tissue, or in other com- 
parably small quantities of biological material. 

The procedure for the esterase, and lipase determinations was 
the same as that described for the measurement of esterase activity 
in frozen microtome sections of stomach and duodenal mucosa 
(15) with the exception that, in the present case, the sections 
employed were 30 » thick and 4.5 mm. in diameter, and the di- 
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gestion period was 3 hours at 40°. The lipase determinations 
were identical with the esterase measurements except that the 
substrate was prepared by shaking violently a drop of tributyrin 
in a few ce. of buffer consisting of a solution which was 0.1 N to 
NaOH and 0.4 Nn to glycine, having a pH of 8.7 at 40°. After 
standing for about 1 hour in a refrigerator to allow the larger 
droplets of tributyrin to settle, the supernatant homogeneous 
emulsion was ready for use. The substrates were freshly prepared 
for each experiment. 

When the frozen microtome sections of tissue were taken for 
enzyme estimation, a number of the sections also were taken from 
the various zones of the organ for histological examination so that 
a correlation could be made between any titration and the type 
of cell present. The histological study was made after the sec- 
tions were placed in normal saline, transferred to absolute alcohol, 
then to 10 per cent formalin, stained with hematoxylin and eosin, 
and mounted. 

The cell counts were made as already described (1) on a tissue 
section representing a cross-section of the gland. 

Sudan III was used to stain cross-sections of the adrenal to 
study the distribution of lipid in the gland. 


Results 


Graphic representation of the titration results was made by 
plotting the enzyme activity of each microtome slice of tissue 
against its distance from the upper surface of the gland. In this 
manner, the variations of lipolytic enzyme activity of the various 
cells through the adrenal are apparent. The histological picture 
of the cross-section of the adrenal may be correlated with the 
chemical findings by the descriptive labels placed above the 
curves. This was made possible by microscopic examination of 
the sections taken for the purpose. The experiments represented 
in Figs. 1 to 3 are included as typical of the thirteen separate ex- 
periments performed on ten different adrenals. 

Vigs. 1 and 2 give the lipase and esterase distributions respec- 
tively. Different glands were used for the two curves. When 
the blank curves, representing the sum of the non-enzymatic 
hydrolysis and the free acid in the tissue (12), are subtracted from 
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Fic. 3. The upper graph was obtained by taking some of the sections 
from a certain sample of adrenal tissue for lipase, esterase, or blank de- 
terminations; the middle graph was constructed from the calculated num- 
ber of cells per slice; the lower graph, representing the enzyme activity per 
cell, is given by the ratio of the corrected curves of the upper graph to the 
curve of the middle graph. 
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the uncorrected curves, the corrected ones, shown by heavy lines, 
are obtained. 

The upper graph of Fig. 3 was obtained by taking some of the 
sections from a certain sample of adrenal tissue for lipase, some 
for esterase, and the remainder for blank determination. The 
middle graph was constructed from the calculated number of cells 
per slice, and the lower graph, representing the enzyme activity 
per cell, is given by the ratio of the corrected curves in the upper 
graph to the curve in the middle graph. The calculations for 
the middle graph were made from the data given in Table I. As 


TABLE | 
Number of Cells in Various Portions of Adrenal Gland 
Zona fasciculata oe Chro- 
fascicular maffin 
Glomeru- : d i 
losa Central reticular 
ruloss portion region cortex 
Cells counted in 0.072 md 102 117 81 119 70 
stained tissue 90) 128 78 123 85 
111 116 94 128 74 
94 118 104 112 83 
97 122 85 104 76 
103 130 86 120 70 
Cells per md fresh tissue....) 462 570 410 551 355 
10% per 30 slice 
220 272 195 263 169 


in the previous communication, the volume of cells counted was 
0.072 md or 0.214 md of fresh tissue (mA = c.mm. X 10-3 (16)) and the 
volume of slices titrated was 477 md (1). The shrinkage of the 
tissue due to fixing, imbedding, and staining was represented by 
the factor 1.44, which was found and used to calculate the volume 
of the fresh tissue as described in (1). 

The Sudan III stain showed that the fasciculata contained the 
most lipid, while the reticularis had almost as much. The glo- 
merulosa contained moderate amounts but the medulla very 
little. This is in ugreement with the findings of Bessey, Menten, 
and King (11) for guinea pigs, and it is also consistent with the 
fat distribution reported for humans (9). 
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DISCUSSION 


Examination of Fig. 1 shows that the lipase activity is relatively 
high throughout the organ, the most active regions being the 
compact fasciculata and reticularis of the cortex, and the begin- 
ning of the medulla. The greatest activity was observed in the 
medullary tissue. Fig. 2 gives essentially the same results for 
esterase with the exception that the glomerular region of the 
cortex is as lipolytically active as the reticularis or the most active 
medulla. It will be observed that the entire esterase curve is 
depressed to less than one-half the level of the lipase curve. 

Comparison of Figs. 1 and 2 with the upper graph of Fig. 3 
shows that the sudden peaks and sharp drops in the former curves 
have been moderated in the latter. This gives an idea of the 
variations to be expected from gland to gland. The lower graph 
in Fig. 3 demonstrates that the medullary cells contain the most 
lipase, while the glomerular and medullary cells possess in equal 
amounts the most esterase. 

From the middle graph of Fig. 3 it is apparent that the med- 
ullary cell is the largest in the adrenal], and it is about 14 times 
larger than a cell in the glomerulosa, which has an equal amount 
of esterase. 

It is interesting to note that the medulla, which has most of 
the lipolytic activity, contains the least lipid, and that the glo- 
merulosa, which possesses a relatively high concentration of 
esterase, is also comparatively poor in fat. This would suggest 
that high lipolytic activity was associated with low lipid content 
because the accumulation of lipid is prevented by the enzymatic 
lipolysis. Of course, this view requires confirmation by a study 
of the distribution of phospholipid and cholesterol ester-splitting 
enzymes, since the adrenal lipids are composed also of these 
constituents. 


SUMMARY 


A histochemical study was made of the quantitative distribu- 
tion of esterase and lipase in the beef adrenal. The activity of 
the enzymes in the various zones of the gland, the relative number 
of the cells in these zones, and the lipolytic activity per cell were 
estimated. 
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The authors wish to express their appreciation to Dr. G. Y, 


Rusk, Head of the Department of Pathology, and to Dr. Charles 
Weiss, Director of the Research Laboratories of the Mount Zion 
Hospital, for their interest in this work. 
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THE HISTOCHEMISTRY OF THE HYPOPHYSIS CEREBRI 
THE QUANTITATIVE DISTRIBUTION OF VITAMIN C 


By DAVID GLICK ann GERSON R. BISKIND 


(From the Pathological and Research Laboratories of the Mount Zion Hospital, 
San Francisco) 


(Received for publication, May 17, 1935) 


Probably more attention has been given to the study of the 
vitamin C in the adrenal gland than to that in other organs. This 
is due largely to the fact that the adrenal cortex has been found 
to possess a very high concentration of the vitamin (1, 2). It 
is interesting to note that the pars distalis (anterior lobe) of the 
hypophysis and the adrenal cortex which are functionally related 
both possess vitamin C in a concentration of the same order of 
magnitude. In a similar manner, the pars nervosa (which com- 
bined with the pars intermedia forms the posterior lobe) of the 
hypophysis and the adrenal medulla, both of which are derived 
from related embryologic tissues and contain modified nerve 
elements, possess a concentration of vitamin C of almost the 
same order of magnitude. Whether these relations possess any 
functional significance remains to be determined. 

As with the adrenal gland, the silver nitrate staining reaction 
has been employed to indicate the distribution of vitamin C in 
the hypophysis (3-6). The advantages of the chemical titration 
method (7) over the staining reaction for a histochemical study 
of vitamin C distribution have been pointed out (8). 

Macrostudies by indophenol titration of the concentration of 
vitamin C in whole anterior and posterior lobes of cows have been 
carried out by Phillips and Stare (9) who report 0.495 mg. per 
gm. for posterior and 1.805 mg. per gm. for anterior lobe, while 
the adrenal cortex was slightly less potent. On the other hand, 
Gough and Zilva (3) report the concentration of the vitamin in 
the anterior lobe of the ox to be twice that of the adrenal cortex; 
their studies being based on guinea pig assay. These latter 
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authors also point out that the anterior lobe of the hypophysis 
was the most potent source of vitamin C in plant or animal tissue 
recorded up to that time. In the present communication we have 
demonstrated an even more potent source than the anterior lobe, 
Phillips and coworkers (10, 11) also have investigated the concen- 
tration of vitamin C in anterior lobes of rats and guinea pigs. 

No studies have thus far been made on the pars intermedia 
other than by the silver nitrate staining technique previously 
referred to. This is no doubt due to the extreme difficulty of 
dissecting grossly the pars intermedia from the other portions of 
the hypophysis. By the microtechnique employed in the present 
communication, titrations could be performed upon slices of pure 
pars intermedia with the result that it has been found to contain 
over 1.5 times the titration value of the pars distalis. 

It is the purpose of the present investigation to apply the 
quantitative method for chemical determination of vitamin C in 
microtome sections of tissue (7) to a study of the distribution of 
this substance in the hypophysis, and to correlate these data with 
the number and type of the cells in the gland, as was done in the 
ease of the adrenal gland (8). 

EXPERIMENTAL 


Beef hypophyses were employed for the present investigation, 
since the normal glands could be obtained in a fresh state and 
were large enough to be handled conveniently. They possess the 
histological characteristics of the human gland except for a bet- 
ter demarcated pars intermedia which was a further advantage 
for this work. The glands were stored as described previously 
(8), and were used within 1 to 2 days after the animals were 
killed. 

The sampling and sectioning of the tissue Was carried out in a 
manner similar to that employed for the adrenal. A great deal 
of difficulty was encountered in finding samples with sufficient 
pars intermedia, but finally satisfactory results were obtained 
when the drillings were taken as indicated by the dash lines in 
Fig. 1. 

The microchemical method of Glick (7) with 2,6-dichlorophenol 
indophenol was employed for the vitamin C titrations on 30 yu thick 
slices having a diameter of 4.5mm. After titration the extracted 
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slices of tissue were stained in the manner employed previously 
(8) to correlate the titrations with the histological picture. 

Cell counts were made, as already described (8), on a tissue 
section representing a cross-section of the gland which was 6 u 
thick and had been stained by iron hematoxylin (Masson’s tech- 


PARS INTERMEDIA PARS DISTALIS 


PARS INTERMEDIA he OOD VESSELS 
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STALK 


Fic. 1. Cross-section of the hypophysis 


TABLE I 
Number of Cells in Different Regions of the Hypophysis Cerebri 
Pars nervosa | | Pars distalis 

Cells counted in 0.072 md stained 27 107 127 
tissue 20) 98 106 
20 88 122 

24 85 111 

13 98 124 

20) 104 132 

Cells per mad fresh tissue........... 123 570 706 
‘* 105 per 30uslice fresh tissue. 59 272 337 


nique). Similar sections stained with the more common Mal- 
lory’s connective tissue stain gave cell counts which were es- 
sentially the same in the pars distalis, a little lower in the pars 
nervosa, and almost 30 per cent higher in the pars intermedia. 
The data given in Table I were obtained from counts on tissue 
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Fic. 2. Curve A is a typical titration curve obtained by plotting the 
distance through the hypophysis against the vitamin C content of the tissue 
section; Curve B, the number of cells in different regions of the hypophysis; 


Curve C, the ratio of Curve A to Curve B. 
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stained by Masson’s technique. These data were used for all 
calculations, since they were considered the more reliable, because 
Masson’s technique stains the nuclei much more distinctly and 
permits the differentiation of parenchymal cells from the con- 
nective tissue cells. 


Results 


Curve A, Fig. 2, is one of the typical titration curves obtained 
by plotting distance through the hypophysis against vitamin C 
eontent of tissue sections. The descriptive legends placed over 
the curve were made possible by the histological examination of 
the sections after titration. 

The data given in Table I were used in the construction of 
Curve B, Fig. 2. Curve C, Fig. 2, represents the ratio of Curve 
A to Curve B. 

As in the previous communication (8), the volume of cells 
counted was 0.072 md which is equivalent to 0.17 md of fresh 
tissue when the latter figure is calculated from the shrinkage 
factor 1.33. The volume of the slices titrated was 477 md (mx 
= c.mm. X 107%). 


DISCUSSION 


From Curve A, Fig. 2, it may be seen that the ratio of the con- 
centrations of vitamin C in the pars nervosa, intermedia, and 
distalis is about 1:4.7:3. The fact that the pars intermedia has 
over 1.5 times the potency of the pars distalis is very striking. 
We interpret this as indicating that the pars intermedia is the 
most potent source of vitamin C yet recorded. This portion of 
the beef hypophysis has been found to contain 2.64 mg. of vitamin 
C per gm. of tissue. In other animals whose corresponding organs 
contain higher concentrations of the vitamin, the pars intermedia 
would be expected to have a higher value. The authors feel 
justified that the above statements are correct, since good cor- 
relation has been found between biological assay methods and 
the 2,6-dichlorophenol indophenol titration for vitamin C (1). 

There were relatively few cells in the pars nervosa, since this 
tissue was abundant in nerve fibers. If we assume that all the 
vitamin C of the nervosa is present in the cells and none in the 
nerve fibers, then the dotted portion of the curve holds, but since 
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this has not been proved, we must interpret this portion of the 
curve accordingly. The same reservations must be considered 
in connection with the dotted portion of Curve C. 

Comparison with the previous work on the beef adrenal (8) 
shows that whereas the estimated maximum amount of vitamin 
C in a cortical cell of the adrenal was 3 X 10~° microgram, in a 
eell of the pars intermedia it was 4.6 X 10~* microgram. 


SUMMARY 


A histochemical study was made of the quantitative distribu- 
tion of vitamin C in the beef hypophysis. The concentration 
of vitamin C in the various portions, the relative number of cells 
in these portions, and the vitamin content per cell were estimated. 

It has been shown that the pars intermedia of the hypophysis 
is the most potent source of vitamin C yet recorded, having over 
1.5 times the concentration of the pars distalis or the suprarenal 
cortex. 


The authors wish to express their appreciation to Dr. G. Y. 
Rusk, Head of the Department of Pathology, and to Dr. Charles 
Weiss, Director of the Research Laboratories of the Mount Zion 
Hospital, for their interest in this work. 


Addendum—Since this paper was submitted for publication, it has been 
reported that fresh young alfalfa leaves contain 3 to 4 mg. of vitamin C 
per gm. of tissue (12). 
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FRACTIONAL ELECTRICAL TRANSPORT AS A TOOL IN 
BIOCHEMICAL RESEARCH 


By ROGER J. WILLIAMS 
(From the Chemical Laboratory of Oregon State College, Corvallis) 


(Received for publication, April 2, 1935) 


The solution of many of the most perplexing problems of bio- 
chemistry and physiology must await the isolation and chemical 
characterization of “active principles’? which bring about spe- 
cific effects. Especially when these active substances are present 
in minute amounts is the problem of isolation a difficult and expen- 
sive undertaking. Even more hazardous is the effort if the active 
principle proves not to be a single substance but two or more inde- 
pendent chemical entities which are ineffective or partially effec- 
tive if used separately. 

The tool which we have called “fractional electrical transport”’ 
is a very useful one in determining the chemical nature of an active 
principle of unknown nature. Electrolytic methods have been 
extensively used in biochemistry, especially in dealing with col- 
loidal materials, but comparatively little use has been made of 
electrical transport in dealing with substances of small molecular 
dimensions. Ikeda and Suzuki (1) in 1912 used electrodialysis in 
a three compartment cell for the separation of glutamic acid from 
a protein hydrolysate. Foster and Schmidt (2, 3) used the same 
principle for the separation of the hexone bases and dicarboxylic 
acids from a protein hydrolysate, also for the separation of histidine 
from the other two basic amino acids. 

R. R. Williams and Waterman (4) proposed a method of elec- 
trodialysis involving a many celled apparatus for the characteriza- 
tion of ampholytes. This study has suggested all of our previously 
reported work along this line (5-7), as well as that presented here. 
Keil and Schieck (8) following the methods of Foster and Schmidt 
using different types of membranes were able to obtain crystal- 
line glycocholic acid from bile and to remove creatinine from 
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strongly acidified beef extract. Gebauer-Fuelnegg and Ken- 
dall (9) used electrodialysis to separate histamine from_his- 
tidine and pointed out its applicability to the separation of rela- 
tively strong crystalloidal bases from mixtures, from picrates, etc. 

In all these cases where marked success has been attained in 
bringing about separations the substances involved have been 
relatively strong acids or bases. We have extended and modified 
these methods to include very weakly acidic or basic substances, 
not especially for the isolation of pure chemical individuals but 
rather for determining the chemical nature of a given physiologi- 
cally potent substance by studying its behavior in an electric 
field. Our principal modifications involve (1) avoiding the use of 
membranes entirely, (2) use of high potentials up to 11,000 volts, 
and (3) use of very dilute solutions for prolonged electrolysis. 
We also have used from four to eight compartments, in contrast 
to most of the workers who have used only three. 

Apparatus—The type of apparatus used in previous studies, 
consisting of a series of cups connected by large siphons, has been 
deseribed (5-7). With minor modifications this apparatus has 
proved to be very effective and has been used scores of times for 
a number of different purposes. Only asmall fraction of the work 
done with this apparatus has been described in publications. ‘This 
apparatus is, however, very much limited in capacity and has 
the additional drawback that the surface of the liquid is neces- 
sarily exposed to the air and therefore subject to evaporation and 
carbon dioxide contamination. (This has been combatted in some 
cases by electrolysis under a layer of mineral oil.) Likewise, there 
is no way in which the electrolyte can be cooled effectively. 

In attempting to overcome these difficulties we have experi- 
mented with cells of different designs made of various materials: 
paraffin-lined wood, rubber-lined concrete, “and bakelite. None 
of these was at all satisfactory, owing to melting of the wax in 
the first case and continual solution in the case of the latter two. 

The apparatus, one cell of which is pictured in Fig. 1, made of 
Pyrex glass piping, is the result of our experimentation. Its total 
capacity is about 6 liters of electrolyte (dilute); it can be closed 
so that contact with air is partially or wholly avoided, and there 
is provision for the introduction of cooling units, so that the objec- 
tionable features of the original apparatus are overcome. ‘The 
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cylinders and plates were ground to fit as accurately as possible; 
then an outside coating of picein wax was applied at the joints to 
insure against leakage and to hold the parts together. The edges 
of the cylinders and plates were sand-blasted in order to insure 
that the wax would adhere firmly. It will be noted that the glass 
baffles in the cell are so arranged as to avoid diffusion. This is 
accomplished very effectively, as is shown by the fact that one 
cell may be acid, although adjacent to a distinctly basic cell. 

By arranging the baffles in this way and avoiding the use of 
diaphragms electric endosmose is prevented, and also difficulties 
which arise from solution .of the diaphragm material, etc. This 


Vic. 1. One cell of the fractional electrical transport apparatus. A, 
slot for insertion of glass disk. 


also allows the free movement of colloids and makes it possible to 
use the process where colloidal substances are involved, as indi- 
cated later. 

By inserting glass disks with paraffined edges into the slots 
(one is labeled A in Fig. 1) the whole electrolytic system can be 
cut into compartments as desired, especially at the end of elec- 
trolysis. If only four cells are to be used, the two at one end may 
be blocked off in this way. | 

Use in Characterizing Physiologically Potent Substance—The the- 
ory underlying the electrolytic process is simple and has been dis- 
cussed briefly elsewhere (5). One fact which increases the useful- 
ness of the process is that in the case of weak acids or bases the 
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repression of their ionization and consequently the stoppage of 
their migration is dependent upon the hydrogen ion concentration 
alone and not on the concentration of the substance in question. 

The use of the method for the purpose under discussion is best 
made clear by citing two experiments. In the first 0.400 gm. of 
liver extract No. 343 (Eli Lilly and Company) was placed in each 
of the end cells in the six cell outfit. To the anode end were added 
also 5 ce. of 0.8 M H3;PQ,. In the second experiment 7 cc. of depro- 
teinized milk (casein and lactalbumin removed) were introduced 
into each end cell of the same apparatus. In each case boiled 
distilled water was used and the electrolysis was continued: for 
44 and 36 hours respectively, using up to 5500 volts. In each 
case approximately 200 milliampere hours of electricity passed, 
but in the latter case the voltage was applied more effectively and 
the final conductivity was brought to a lower level. Neither 
electrolysis was as exhaustive as we sometimes use. Heating was 
avoided, so that at no time did the temperature of the electrolyte 
rise above body temperature. 

At the end of the electrolysis the circular plates were put in 
place and the contents of the six cells siphoned into separate con- 
tainers and tested for various physiologically potent substances 
which stimulate the growth (under controlled conditions) of dif- 
ferent microorganisms which are being studied in this laboratory. 
The details of these tests will not be given here nor their signifi- 
cance discussed, but the results are presented because they serve 
to show what the apparatus will do. It is clear that the liver 
extract and deproteinized milk contain a number of physiologically 
active substances for which tests may be made, and that the 
tests cited are simply illustrative. 

From inspection of the results shown in [able I it may be seen 
that pantothenic acid, in accordance with previous findings (5, 6), 
is a weak acid which does not exhibit amphoteric properties. 

The nutrilite for nodule bacteria appears to be amphoteric, with 
preponderant acidic properties, since it moved much more com- 
pletely from the cathode cell at pH 8 than from the anode cell at 
pH 3.9. By special exhaustive electrolysis experiments its iso- 
electric point can be determined. From this electrolysis alone 
it is judged to be from pH 4 to 5. 

The nutrilite for the pathogenic yeast (in addition to amino 
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acids, inositol, and pantothenic acid, which were in the control 
medium) appears to electrolyze very slowly. This has been ob- 
served in previous electrolyses and is interpreted as indicating a 
relatively high molecular weight. It behaves as an amphoteric 
substance, with somewhat stronger acidic than basic properties, 
since it migrates from the basic end, pH of about 9.6, more readily 
than from the acidic end, pH 3.05. Its isoelectric point appears 
to be in the neighborhood of pH 6. It will also be noted that the 


TABLE I 
Results of Electrolysis 


1 2 3 4 5 6 
Electroly- | Solids, gm......... 0.622) 0.127) 0.142) 0.104) 0.090; 0.110 
sis I 3.90 | 4.45 | 5.10 | 5.45 | 6.17 | 8.0 


Pantothenic acid 
present, % of 
49.7 (33.4 |12.5 | 2.1 | 1.5 0.9 

Nutrilite for nodule 
bacteria, Rhizo- 
bium meliloti, pre- 
sent, %oftotal 31 24 21 12.4 | 5.4 6.2 


Electroly- | Solids, gm......... 0.424) 0.102) 0.091) 0.085) 0.091; 0.434 
sis II nes 3.05 \(4.4) | 5.55 | 6.0 |6.5 |>9.6 
Nutrilite for patho- 
genic yeast pres- 

ent, % of total.. .|21 18 14 18 14 15 


The parentheses indicate an approximate value determined with diffi- 
culty. 


bulk of the material electrolyzed (lactose) did not migrate in the 
electric field and was prevented from diffusing by the baffles. 

In each of the three cases cited the results obtained were checked 
substantially by one or more previous electrolyses. 

For a first exploratory electrolysis, especially where two or more 
factors are likely to be involved, we recommend placing the mate- 
rial at the outset in the end cells of a four cell outfit, in which case 
it is feasible at the end of an exhaustive electrolysis to test each 
cell separately and in all combinations. The conclusions which 
may then be drawn in case the active substance is found in certain 


” 
7 
| 
? 
} 
4 


594 Fractional Electrical Transport 


cells are presented in Table II. These are based upon the assump- 
tion that the material electrolyzed is such as to give rise to a suit- 
able pH gradient or has been modified so as to bring about this 
result. The pH values may then be 2.8, 5, 8, and 9.5 respectively. 
It may be stated that cases like the majority of those listed have 
been encountered in our work. 

It should be emphasized that in order to obtain results such as 
indicated the solution electrolyzed must be very dilute. This is 
to insure ready ionization and migration and the establishment 
of a suitable pH gradient, rather than the development of high 


TABLE II 
Conclusions from an Exploratory Test 


Principal position of active principle Nature of active principle 


Relatively strong acid (or acid + 
non-electrolyte) 


Cell 1 (anode) (pH ca. 2.8) 


‘© 2 (pH ca. 5) Amphoteric acid 
Base (or base + non-electrolyte) 


No one cell 
Cells 1 and 2 


Composite in nature or destroyed 
Weak acid, non-amphoteric 


Non-electrolyte 
Ampholyte 
Weak base, non-amphoteric 
Combination of Cells 1 and 4 Acid + base (+ non-electrolyte?) 
“ amphoteric base 
2 sé 4 acid 


Base + 


acidity and alkalinity at the electrodes and sharp breaks in be- 
tween; also to avoid too high conductivity and high energy con- 
sumption (heating). We have not obtained clear cut results when 
the concentration of tissue extract used is higher than 0.01 to 
0.02 per cent. If the material is largely non-electrolytic, the con- 
centration can be increased but clear cut results are liable to be 
sacrificed by using too high concentrations. The relatively high 
dilution which must be used makes it necessary either that the 
principle be detected by tests on small amounts or else that the 
electrolysis be carried out on a relatively large scale. 

A second condition is that there must be a relatively large flow 
of electricity through the solution. The efficiency of the process 
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depends upon how much of the conductance is due to the active 
substance being moved. Extra conductance resulting from the 
addition or presence of other electrolytes in the solution does not 
help the process and causes excess heating. The migration, other 
things being equal, is less pronounced in the region where the 
conductance is high, because there the potential drop is less. For 
this reason there is difficulty in removing a strongly acid ampholyte 
from the anode cell. 

In the experiments cited the material to be electrolyzed was 
placed in the end cells. There are of course many variations 
which may be used to meet peculiar cases or to test out specific 
hypotheses. For example, if the substance in question is a base 
and it is desired to ascertain whether or not it is amphoteric, it 
might be desirable to place it in the cathode cell only. In other 
cases it may be desirable to distribute it through all the cells. 

specially for determining the isoelectric point or the ionization 
constant (7) by this method, it may be necessary to adjust the 
extract so that a suitable gradient is established. The necessity 
for this can be shown only by experiment. While we have not 
found it necessary, it probably would be desirable in some cases 
to adjust the pH values in the different cells (perhaps with pure 
amino acid buffers) to the desired value before carrying out the 
electrolysis. This would be a desirable procedure in case one were 
dealing with the electrolysis of a minute amount of a very active 
preparation. 

In case anodic oxidation or cathodic reduction is to be feared, 
the platinum electrodes can be used in separate small compart- 
ments. However, with the small currents used we think these 
decompositions are unlikely. We have never experienced any 
difficulty along this line. 

Use in Purification of Non-Electrolyte or Ampholyte—The appli- 
cation of the apparatus makes possible the purification of a sub- 
stance in true solution by a procedure which is analogous to the 
purification of a colloid by electrodialysis. For example, in one 
experiment in which an apparatus of the type described previously 
(5) was used a 10 per cent solution of ‘‘pure’’ sucrose was placed in 
the cells (it would have been preferable to place it in certain center 
cells only) and electrolyzed exhaustively. It was obvious that 
impurities were very effectively removed that would be very diffi- 
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cult if not impossible to remove in other ways. ‘The difference 
between the original and purified sugar was apparent when samples 
were tested for their effect on yeast growth. Traces of both 
pantothenic acid on the one hand and toxic substances on the other 
were removed from the sugar. When a sample of this sugar solu- 
tion was allowed to stand for a week or more in the open in the 
laboratory to evaporate spontaneously, it deposited in a beautifully 
crystalline mass. It was dissolved in a like quantity of water 
(about 25 cc.) again and allowed to evaporate spontaneously for 
several days. Again a beautifully crystalline mass resulted. The 
original sugar before electrolysis was treated in the same way in a 
parallel experiment. No crystallization took place either time; 
instead the solution became contaminated eventually with molds 
and other microorganisms. The sugar purified in this way was 
evidently so well freed from various impurities that organisms 
were not able to gain enough foothold to bring about inversion, 
which would have prevented crystallization. Amphoteric amino 
acids and various non-electrolytes can be purified in this way, 
and the arrangement of baffles is such that the losses are not exces- 
sive, as would be the case were the same process attempted in an 
apparatus with membranes. Furthermore, membranes if used 
might prevent the removal of colloidal impurities. 

On the basis of preliminary experiments carried out before 
our present apparatus was built, the method shows promise of use- 
fulness in the separation of lecithins and cephalins (in alcoholic 
solution) and in the concentration of enzymes (pepsin). Its use 
in the study of viruses, toxins, and other colloidal principles sug- 
gests itself. Irom the underlying principles it follows that separa- 
tions made by this method are always significant of fundamental 
chemical properties. 

The method of experimentation here outlined is the result of a 
cooperative effort in the author’s laboratory on the part of ad- 
vanced students, colleagues, and technicians throughout a period 
of at least 4 years and the author wishes to thank all those who 
have given their aid in the project. To Professor F. O. McMillan 
of the Electrical Engineering Department and to the Research 
Department of the Corning Glass Works we are indebted for their 
kind cooperation. Funds for carrying out these researches have 
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been granted by the National Research Council, Standard Brands, 
Inc., and the Research Council of the Oregon State System of 
Higher Education. 


SUMMARY 


A method has been described and illustrated involving the use 
of a special apparatus and technique, whereby it is possible to 
determine by relatively simple experiments whether a given “‘prin- 
ciple,’ capable of assay by physiological test, is (1) a weak acid 
(non-amphoteric), (2) a strong acid, (3) a weak base (non-amphot- 
eric), (4) a strong base, (5) an amphoteric substance, (6) a non- 
electrolyte, (7) a combination of the above. In addition, if the 
substance in question is amphoteric, its isoelectric point can be 
determined at least approximately. 

In the method the use of membranes is avoided, and high 
potential up to 11,000 volts is used for the electrolysis of very 
dilute solutions in a cell capable of being cut into a number of 
compartments. In addition to the application cited above, the 
usefulness of the process for the exhaustive electrolytic purification 
of non-electrolytes and ampholytes, for the separation of lecithins 
and cephalins, for studies dealing with the chemical nature of 
enzymes, toxins, viruses, etc., has been suggested, on the basis of 
preliminary experiments which have yielded promising results. 
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A PHYSICOCHEMICAL STUDY OF BLOOD SERA 


By JOSE ZOZAYA 
(From the Gladwyne Research Laboratories, Gladwyne, Pennsylvania) 


(Received for publication, May 1, 1935) 


The study of the physical chemistry of the blood proteins has 
been extensive. Many important contributions have been made 
in the study of isolated proteins, giving a clearer understanding of 
their function in biological processes. The classical studies of 
Hardy (1), Sgrensen (2, 3), Pauli (4), Chick and collaborators (5), 
Cohn (6), and many others are too well known to be reviewed 
here. These studies have indirectly contributed valuable infor- 
mation to physiology and general medicine. We will utilize some 
of the data from these studies in the interpretation of our results 
in the measurements, both physical and chemical, of human blood 
sera. The object of the present work is to show the magnitude 
of variation in the physicochemical forces found in blood sera 
which may directly or indirectly influence general physiological 
processes. 

We have avoided discussion of some of the theoretical problems 
concerning the natural state of the blood proteins in serum, such 
us the work of Svedberg and Sjégren (7) who are inclined to 
assume that the so called euglobulins and pseudoglobulins do not 
exist in the blood, but must be regarded as artificial products. 
In view of their assumption, Sérensen and his coworkers (3) 
believe that serum does not exclusively contain such component 
systems as may be prepared from serum by suitable precipitation 
methods (albumins, globulins), but that serum contains probably 
both mixed systems of these substances and even more com- 
plicated systems, consisting not only of protein components, but 
also other serum constituents more or less firmly bound. These 
component systems are in a state of equilibrium which is dependent 
on the circumstances and which reversibly and readily alters along 
with alterations in the composition of the involved liquid. 

599 


i 


600 Physicochemistry of Blood Serum 


In serum, an interaction must be presumed to occur among all 
the protein systems present, an interaction which may lead to 
the formation of new systems possibly containing components from 
albumin systems as well as from globulin systems, and perhaps 
capable to a limited extent of giving rise to the formation of sys- 
tems even larger than those known as albumins and globulins. 
Many of the other substances present in biological liquids must be 
supposed to be more or less —— knit to the, in all probability, 
highly protein system. 

Hence the result of an attempt to separate the protein substances 
of such a serum will to no small extent be dependent upon the 
mode of procedure chosen. Using standard technique similarly 
applied to all the cases, one can compare the results. As to the 
terminology of the proteins, we have used the classification of 
Howe (8) which depends upon the precipitability of the protein 
by different concentrations of sodium sulfate, for we are aware of 
the probability that the proteins termed albumins, pseudo- 
globulins, and euglobulins are not exclusively present as such in 
native serum, but are only formed by the particular procedure 
applied. We will discuss this subject further on. 

The study of the differences of the serum proteins has become 
of great clinical value in the understanding of disease conditions. 
Many short cuts have been recommended as an index of measure- 
ment for the different protein fractions of serum, but there are no 
critical comparisons of these different methods used with the actual 
amounts of these proteins found with the standard method. With 
this object in view, we undertook the present study of 100 sera. 
In addition, we made note of some of the important colloidal 
characteristics of these proteins that may have a bearing on physi- 
ological processes. 

Reiss (9) introduced the refractometer aS a means of measuring 
the total protein, making a correction for the non-protein constit- 
uents of the plasma. Robertson (10) developed this method 
further, and separated by salting-out the different fractions, and 
made refractometric readings of the filtrates. Newhausen and 
Rioch (11) further developed this method. Linder, Lundsgaard, 
and Van Slyke (12) found a poor agreement between the results 
by the Kjeldahl and the refractometric methods. Similar observa- 
tions have been made by Guillaumin, Wahl, and Laurencin (13). 

Of the physical measurements for determining total protein, 
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the specific gravity is the one most widely used; Moore and Van 
Slyke (14) found that changes in specific gravity closely follow 
protein changes in the serum. Peters and Van Slyke (15) describe 
this method as a useful one. The salting-out of the different frac- 
tions was first shown by Hammarsten (16) and later was carefully 
worked out by Howe (8) and other investigators. Peters and Van 
Slyke (15) recommend for accuracy the gravimetric method, as 
the Kjeldahl procedure gives a fair amount of errors. The colori- 
metric method has also considerable sources of error. 


Methods 


The blood was obtained from apparently normal persons and 
from some with pathological conditions, for we have only endeav- 
ored to study the serum as a colloidal mixture of the three main 
proteins found in serum, albumin, pseudoglobulin, and euglobulin. 
The blood serum was obtained in the usual way, hemolysis being 
avoided as much as possible. 

Specific gravity was determined at 25° with a 1 cc. tube pic- 
nometer. 

Viscosity measurement of lyophilic colloids has been a subject 
of discussion by Freundlich (17), Kruyt (18), and others. It is 
true that different viscosimeters give different results, and visco- 
simeters of the same type, such as Ostwald’s, give different values, 
depending on the width of the capillary, capacity, ete. In these 
experiments the viscosity was determined at 25° in a water bath, 
with an Ostwald viscosimeter with a constant of 239.2- seconds 
for 1.2 ec. of water, and having a 73 mm. average height of column. 
We used at least two check determinations for our calculations. 

The surface tension was determined with a du Noiiy apparatus, 
a direct reading model, standardized to read 73 dynes for water. 
All of our determinations were made at room temperature, be- 
tween 20-21°. The average of five check readings within 0.5 dyne 
was used as our value. 

Refractive index determinations were made at 25° with an 
Abbe type of refractometer made by Warren P. Valentine. 

Total protein was determined by the Kjeldahl] method, with 
10 ce. of a 1:25 dilution of serum in physiological salt solution. 
The albumin fraction was obtained by Howe’s sodium sulfate 
method (8), a 10 ec. portion of the filtrate being used for Kjeldahl 
nitrogen determination. The pseudoglobulin fraction was ob- 
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tained by precipitating the euglobulin fraction and determining 
the N in 10 ec. of the filtrate. This filtrate contains the albumin- 
pseudoglobulin fractions. By subtracting the albumin value from 
the combined results for albumin and pseudoglobulin, we obtained 
the pseudoglobulin fraction. The euglobulin fraction was ob- 
tained by subtracting the pseudoglobulin-albumin value from the 
total protein. 

Calculated osmotic pressure was obtained by multiplying the 
different protein fractions by the osmotic pressure per gm. of each 
individual protein as given by Govaerts (19); albumin, 5.5 mm. 
of Hg per gm.; euglobulin, 1.4 mm. of Hg per gm. The osmotic 
pressure of pseudoglobulin was calculated by the molecular weight 
(81,000) in relation to the two above proteins, which resulted in an 
average of 2.7 mm. of Hg per gm. of protein. 

Bound water was calculated with Chick’s (20) figures for the 
hydration numbers of euglobulin as 5.8 cc. per gm., pseudo- 
globulin 3.8 ec. per gm., and albumin 2.1 ec. per gm. 

Total protein was calculated from the specific gravity measure- 
ment, by the formula of Moore and Van Slyke (14); the per- 
centage of total protein = 343 (specific gravity — 1.007). 

I'ree water was calculated from the specific gravity measure- 
ment, the total protein, bound water, and 0.002 mm. as an arbi- 
trary amount for all cases being subtracted from it. This amount 
includes the total solids in an average blood sample (non-protein 
nitrogen, sugar, salts, free sterols, lipids, etc.). 

Calculated viscosity was obtained by using Arrhenius’ (21) 
formula and the constants n (hydration factor) for albumin 1.5, 
pseudoglobulin 1.2, and euglobulin 1.8, and 0 for albumin 0.0207, 
pseudoglobulin 0.0402, and euglobulin 0.0663. The formula for 
the log of the viscosity of a single protein is log n = 9 (100 p)/ 
(100 — (n + 1)), p being the amount of protein in 100 ce. of blood. 

A, or A’, the ratio of the volume occupied by 1 gm. of dissolved 
substance, was obtained by the formula of Chick (20), where 


total volume of system n 


volume of disperse phase (v) (n — 1) 
pen total volume of system _ 100 
weight of dissolved substance (c) 5 
c = concrentation of protein (%) 
6 = density of system 
= viscosity of system 
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All of our data were arranged in tabular form. The analysis of 
these data consisted mainly in correlating one measurement or 
calculation with another. In Table I we have given the standard 
deviations from the mean with their probable error; in Table II 
we have arranged the indices of correlation with their respective 
probable errors between one determination and another. 

Specific Gravity and Total Protein—Yig. 1 shows the relation 
between specific gravity and total protein. There is very little 
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Fic. 1. Relation between specific gravity and total protein. RR’ = line 
of average relationship of y on x; M = mean average for y; M’ = mean 
average for z. 


correlation (0.28 + 0.062). It is not surprising, for the specific 
gravity of a serum will depend not only on the total protein, but 
also on the relation between the bound water and the free water in 
the serum. The bound water depends on the kind and percentage 
of the protein fraction, euglobulin having a higher specific gravity 
per unit concentration than albumin. According to Chick (22) 
the value of the volume occupied by the euglobulin phase in the 
solution is 6.51 ec., by pseudoglobulin 4.5 ec., and by albumin 
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2.81 cc. These values will be altered, depending on the different 
concentrations of the different proteins in a given mixture. We 
notice the wide variation in our calculations of A’/A. 

The calculation of the total protein from specific gravity meas- 
urements with the formula used by Moore and Van Slyke (14), 
in the study of nephritic and normal subjects, did not give a fair 
estimate of the total protein in our cases. Maybe the difference 
between the use of plasma and serum can account for the results, 
for no doubt the use of an anticoagulant and the presence of fibrino- 
gen would affect the specific gravity measurements. Comparing 
the mean average obtained by use of the Kjeldahl method and the 
calculated one, we see that there is a difference of 0.95 gm. or 13 
per cent on an average, making the individual variation large. 
Specific gravity measurements are of importance, not because 
they give an estimate of total protein, but because they give a 
general idea of the state of hydration and free water in the serum 
proteins. 

The use of the refractive index for estimation of total proteins, 
according to Reiss’ method, was made in 100 cases, and we found 
that the variation in the mean average by the two methods is 
7.53 per cent with the Kjeldahl and 7.44 per cent with the refrac- 
tive index, leaving an average discrepancy of 1.2 per cent. In 
individual cases, one finds a large discrepancy, but one that usually 
follows a fairly constant variation. The index of correlation be- 
tween these two determinations of total proteins is 0.53 + 0.05, 
showing a fair degree of correlation, as illustrated in Fig. 2. The 
refractive index method is a practical one for determination of 
total protein, for only a small amount of material is needed. 
Within certain limits, however, it is inaccurate in the high and 
low ranges. Care should be exercised in serum with very high 
non-protein nitrogen or sugar. ¥ 

Protein Fractions—For determining the albumin-globulin frac- 
tions of serum besides total protein, Rohrer (23) found experi- 
mentally that by determining the viscosity and refractive index 
and plotting these values, one could draw lines where similar 
albumin-globulin ratios were to be found at the different levels. 
The viscosity was plotted on the abcissa, the refractive index on 
the ordinate. The viscosity is expected to show the respective 
proportions of albumins to globulins. Globulins have a much 
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higher viscosity for unit amount than albumins. Further on we 
will discuss our viscosity measurements. This same idea was 
developed experimentally by Nugent and Towle (24) using specific 
gravity instead of the refractive index method. Using both these 
methods, we were unable to find any direct agreement between 
the actual determination of the protein fractions and the value 
expected by the use of either of the two methods above. As 
expected, the refractive index-viscosity chart of Rohrer gave values 
closer to the actual determined ones than the specific gravity- 


TOTAL PROTEIN PRALENT 


ATFRALTIVE 


Fic. 2. Relation between refractive index and total protein. J/ = mean 
average for y; M’ = mean average for z. 


viscosity method. The reason for this difference has already 
been mentioned in respect to specific gravity measurements and 
total protein. 

Our results of the fractionation of the proteins is shown in 
Table I. We obtained a most varied distribution, not having 
found two cases the same. We have used a three dimensional 
chart to plot our results, as shown in Fig. 3, where we have drawn 
the mean values from our data of the three proteins in heavy lines. 
The other three cases are samples of variations found in our 
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TABLE 


Physicochemistry of Blood Serum 


Mean, Standard Deviation, ¢, and Probable Error of Different Data 


Mean 
Calewiated wiecosity ....... 1.76 0.0008 | 0.177 
Determined viscosity.....................-. | 1.67 0.047 0.98 
Log, determined viscosity.................. Q 224 0.0011 | 0.025 
73.7 0.20 4 21 
Free water per gm. protein, cc.............. 10.1 0.067 1.417 
Albumin-globulin ratio..................... 2.24 0.064 1.36 
1.3489 | 0.0001 | 0.0014 
Calculated protein, gm..................... 6.93 0.024 0.52 
Total protein determined, gm.............. 7.26 0.032 0.68 
Osmotic pressure calculated, mm. of Hg.....| 31.9 0.155 3.33 
Bound water per gm. protein, cc............ 2.91 0.001 0.035 
21.2 0.168 3.58 
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Fic. 3. Graphic relationship between albumin, pseudoglobulin, and 


euglobulin. 


100 cases. 


This method of charting our findings has been very 


valuable in comparing individual cases with one another. 
Viscosity—The importance of the viscosity measurement in col- 
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loidal systems has been considered by many students of colloidal 
chemistry. Ostwald (25) thought it to be one of the most con- 
spicuous and important physicochemical properties of the emul- 
soids, and that their viscosity is a property intimately associated 
with their internal state. With our viscosity data we propose to 
study some of the factors which in blood serum influence this 
measurement and its significance in the appreciation of the col- 
loidal state of a given serum considered as a mixture of proteins; 
for all these variations in viscosity correspond to changes in the 
state of the colloid system, such as changes in degree of dispersion, 


Li 


Li 

hic. 4. Relation between the log of actual and theoretical viscosities. 
Mf! = mean average for y; M’ = mean average for 2; TT’ = agreement 
line between two values (log actual viscosity and log theoretical viscosity). 


in type of dispersed phase, or in degree of solvation, and probably 
also reflect changes in pH and in total fixed base present. 

The relation between the logarithm of the determined and cal- 
culated viscosities is shown in Fig. 4. There is a general disagree- 
ment between them. In the mean average there is a 5 per cent 
increase in the calculated over the determined viscosity. The 
line TT’ shows the trend and position of the agreement between 
two values. In some cases the calculated viscosity is higher and 
in others lower than the determined values. The factors which 
enter strongly into the higher values in calculated viscosity are 
increase in total protein and increase in any of the protein frac- 
tions, especially euglobulin. There is no doubt that the constant 0 
and the hydration factor (n) used by Arrhenius are quite appli- 
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cable to the actual condition of the proteins in solution for deter- 
mining the viscosity, but there are other factors, such as pH, the 
electrolyte concentration, the kind of ions which must be con- 
sidered, as well as a quantity factor, as pointed out by Cohn (6) 
and as determined experimentally by Chick (20). The viscosities of 
protein compounds are greater than the viscosities of uncombined 
proteins, for there is evidence that suggests that the viscosity of 
proteins increases both with the charge and the size of the mole- 
cules. Von Smoluchowski (26) showed that the expression of 
Einstein (27) holds in reality only for uncharged particles. In 
case the particles are electrically charged, they are surrounded by 
a repelling sphere, whereby their active volume is virtually in- 
creased (the ‘“electro-viscous effect’’ of Kruyt (18), by which we 
mean the increase in relative viscosity as a result of the electric 
charge of the particles). One can easily see how the electrolyte 
concentration and the kind of proteins in the mixtures may affect 
the viscosity of a given serum. 

The viscosity of a protein mixture is a colligative property, and 
so depends on the sum of the products of the viscosities of the dis- 
solved molecules and their respective volumes. 

If we are to study the relation of viscosity with any other meas- 
urement in respect to the protein composition of the mixture, we 
must use the logarithm of the viscosity rather than the actual 
number. Wishing to determine the relation between specific 
gravity and viscosity, we worked out the index of correlation be- 
tween them and obtained 0.075 + 0.06. No correlation had been 
theoretically expected. Making the same comparison by use of 
the logarithm of the viscosity in place of its actual value, we find a 
definite trend, as seen in Fig. 5. The index of correlation between 
these two values is 0.635 + 0.0067, a relatively high relationship. 
This higher correlation suggests that specific gravity closely 
measures the state of the protein in respect to hydration and dilu- 
tion, two factors which highly influence the viscosity of a protein 
mixture besides the total amounts. 

The relation between total protein and logarithm of viscosity 
is of interest. The index of correlation between these two values 
is 0.26 + 0.062. The total protein has a secondary value to the 
viscosity of a mixture of proteins. We studied the relation be- 
tween calculated bound water and the logarithm of viscosity, as 
is seen in Fig. 6. We note a much higher relation between them. 
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Fic. 5. Relation between specific gravity and the log of viscosity. M = 
mean average for y; M’ = mean average for z. 
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bic. 6. Relation between cc. of bound water and the log of actual 
viscosity. M = mean average for y; MW’ = mean average for z. 
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The index of correlation is 0.53 + 0.048, this being one of the impor- 
tant factors in viscosity. 

Finding that bound water is an important factor in determining 
viscosity, we further analyzed our data with respect to free water. 
The relation between calculated free water and the logarithm of : 
determined viscosity is shown in Fig. 7. There is a definite inverse 
relationship. The index of correlation is negative, being —0.66 
+ ().038, even higher than with bound water. This finding shows 


WATER 


<0 
AUWAL VISCOSITY 
Fic. 7. Relation between total free water and the log of actual viscosity. | 
M = mean average for y; M’ = mean average for z. 


that the larger the amount of free water, the lower the viscosity. | 
The relation between the amount of free water per gm. of protein 
and total protein is shown in Fig. 8. The index of correlation for 
these two values is negative, large amounts of free water being 
found in the cases with low total protein and vice versa (see 4 
Table II). 

The value A’/A, or the ratio of the volume of protein to the con- : 
centration, has a direct relation with the logarithm of viscosity, 
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| Fic. 8. Relation between cc. of free water per gm. of protein and total 
| protein. RR’ = line of average relationship of y on z; M = mean aver- 
age for y; M’ = mean average for z. 


TABLE II 
Indices of Correlation among Different Measurements 
Log, 
| Measurement | Total protein Sp. gr. 
Calculated viscosity. . | 0.35 +0.059 
Determined viscosity. 0.52+0.049 
Log, determined vis-_ 
0.26+0.062' 0. 63+0.006 
Total free water. ... —0.30+0 .006 — 0.420.006 0.66+0.0388 
Free water per gm. | | 
Bound water......... 0.42+0.006)0.29 +0. 06 |0.53+0.048 
Albumin-globulin 
Refractive index..... 0.62+0 .04 
Calculated total pro- 
tein from sp. gr.....| 0.28+0.062 
Bound water per gm. — 
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as shown in Fig. 9. This relationship is expected from theory as 
well as from the method used in the calculation of A, based on the 
observed viscosity, as shown in the formula under ‘‘Methods.”’ 
The index of correlation between this ratio and the logarithm of 
viscosity is 0.79 + 0.021, a relatively high value. The volume 
occupied by the molecules of a protein in solution depends not 
only on the number of molecules, but on their size and hydration 
value. The relation between A’/A and the logarithm of viscosity 
further shows this point. We have shown the relation between 
bound water, free water, and the logarithm of viscosity. All of 


Fic. 9. Relation between the log of actual viscosity and A’/A. M = 


mean average for y; M’ = mean average for z. 


these values are closely linked in determining the viscosity of a 
protein or a protein mixture such as serum. 

As an additional analysis, we correlated the logarithm of vis- 
cosity and the albumin-globulin ratio, with discouraging results. 
The index of correlation was 0.27 + 0.06, an insignificant value 
which is difficult to explain on theoretical expectation. The dif- 
ferent proteins, when correlated with the determined viscosity, 
always show an unimportant relationship. The reason is probably 
that the variation of the three proteins, all working in different 
proportions in their effect on viscosity, makes it difficult to expect 
a relation with any one or two of them separately. 
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The study of viscosity suggests that the most important factors 
that determine it are the amount of free water, bound water 
(hydration of the proteins), and the volume occupied by the dif- 
ferent molecules, as shown in the ratio A’/A. The other factors 
which are of importance, but that we have no direct measurements 
of, are electrical charge and the direct effect of electrolytes, lipids, 
etc. Viscosity measurements give a fair estimate of the colloidal 
state of a protein mixture. This analysis of viscosity values makes 
it difficult to accept the fact that a predictable relationship could 
be established with the use of viscosity, refractive index, or spe- 
cific gravity measurements for the value of the albumin-globulin 
ratio, as suggested by Rohrer (23) and Nugent and Towle (24). 

Bound and Free Water—Under ‘‘Methods,”’ we have described 
the calculations we used in determining bound and free water. 
There are several techniques which have been developed to deter- 
mine experimentally bound and free water; their respective values 
are discussed by Gortner (28). 

The analysis of our data concerning the calculated bound water 
gives us a wide variation of values. The mean average figure 
was 21.2 ec. per 100 cc. of serum. The highest value was 34.8 ce. 
and the lowest 10.8 ce. This value changes according to the quali- 
tative and quantitative variation in the protein fractions. The 
correlation of these values and different physiological and patho- 
logical states will be discussed in another paper. 

We have calculated free water from specific gravity measure- 
ments. It is a rough method of estimating this value, but it has 
a definite use. The ratio of free water to total protein varies con- 
siderably in different pathological conditions, such as nephrosis 
and tuberculosis for two extreme examples. This variation of 
the free water depends mainly on the proportion and amounts of 
the protein fractions, for it varies inversely as bound water. The 
sum of bound water and free water (total water) remains fairly 
constant in the serum. Our mean average for total water is 
94.7 ce. per 100 cc. of serum. The lowest value was 91.8 ec. and 
the highest was 97.1 ce. 

Osmotic Pressure—The clinical data on this subject, as well as 
the many methods described in determining the osmotic pressure 
values of serum and plasma experimentally, are very extensive 
and will not be discussed here. _ 
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We will only touch on the work of Wells, Youmans, and Mil- 
ler (29) who described a method of measuring osmotic pressure of 
blood serum and have studied its relation to the total albumin 
and total protein. They have constructed a nomogram for these 
values. They believe that the formula of Govaerts, used to calcu- 
late osmotic pressure, is unreliable. We feel that, while albumin 
has an osmotic pressure about 4 times higher than for globulin 
and 2 times that for pseudoglobulin, one cannot neglect their effect 
on osmotic pressure, for they both influence markedly the total 
osmotic pressure value. In certain pathological conditions, the 
relation of the three fractions is very much changed, and a con- 
siderable part of the osmotic pressure value can be attributed to 
pseudoglobulin. 

Our calculated values for osmotic pressure give a mean average 
of 31.2 mm. of Hg, with a minimum of 18.4 and a maximum of 
40.3. These variations we believe are of great importance in deter- 
mining water motion between blood and tissues and probable cell 
respiration. 

Surface Tension—The measuring of surface tension of blood 
serum has been discussed by Kopaczewski (30), Zunz (31, 32), 
du Noiiy (33), and others, and no definite agreement has been 
reached as to its significance as a routine study of serum. There 
are too many factors which modify the results, and only in marked 
physiological crises and certain infections has there been any 
noticeable change in the surface tension measurements. The 
effect of slight traces of hemoglobin, bile, salts, fats, and other 
metabolic substances has been noticed, and they are difficult to 
avoid in the clinical study of srrum. We have used the du Noiiy 
apparatus, and we have measured the static surface tension of 
our sera, as shown in Table 1. We have not taken the precautions 
of making measurements at stated intérvals after withdrawing 
the serum, nor have we considered the slight traces of hemoglobin, 
nor the time after eating—factors that are said to influence the 
general measurement. 

The mean average value observed in our cases was 54.2 dynes. 
Kkopaczewski considers the normal value of the surface tension of 
normal human serum as 68 dynes, calculating this value by taking 
73 dynes as the value for water at 15°, and using his own apparatus. 

Value of Our Data—Table III shows the value of S, or the stand- 
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ard error of estimate about the line of average relationship, y on z 
and z on y. These values give us a general idea of the associa- 
tion and probable prediction of one factor from another, suggest- 
ing the interdependence of one factor and another. The possibility 
of constructing a nomogram will be studied as we accumulate 
further data. This value S further helps in the showing of the 
scattering of the values in the charts discussed above. 


SUMMARY 


With the use of specific gravity, viscosity measurements, and 
the fractionation of the main blood serum proteins, we have sug- 
gested a method of studying such serum as a colloidal mixture 
which follows the general laws of physical chemistry. The rela- 
tive importance of each one of these measurements has been shown, 
and the relation of one to the other. 

This method of studying blood serum can be used in clinical an- 
alysis in different pathological conditions. 


I wish to acknowledge the helpful suggestions, criticisms, and 
inspiration of Dr. S. DeW. Ludlum in the development of this 
work. 
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STUDIES OF MULTIVALENT AMINO ACIDS AND 
PEPTIDES 


IV. THE APPARENT DISSOCIATION CONSTANTS OF «-AMINOTRI- 
CARBALLYLIC ACID AND OF GLYCYL-a-AMINOTRI- 
CARBALLYLIC ACID 


By JESSE P. GREENSTEIN ann NORMAN R. JOSEPH 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, May 15, 1935) 


The apparent dissociation constants of a large number of am- 
photeric electrolytes, both amino acids and peptides, have been 
reported by several investigators. Most of the substances here- 
tofore studied were of the simple monoaminomonocarboxylic 
type; a few were trivalent in character. In the study of the com- 
plex ionization curves exhibited by the proteins, it would be of 
interest to compare the dissociation values of the protein with 
those obtained from synthetic amphoteric models, which bear a 
large number of free groups identical with those of the protein. 
The mutual effect of several amino, carboxyl, or other character- 
istic groups attached to a peptide of known structure should be 
identical with that exhibited by the protein molecule containing 
these same groups (cf. Cohn (3), Linderstrém-Lang (7), and Neu- _ 
berger (10)). 

For this study, data on a large variety of synthetic peptides 
containing several free groups are required. Ionization values 
of a number of tetravalent peptides have been reported by one of 
us (4, 5) and by Melville and Richardson (8). All of these tetra- 
valent peptides were of the BB-AA, the BB-AB, the AB-AA, or 
the AB-AB types as illustrated by lysylglutamic acid, lysyllysine, 
aspartylaspartic acid, and tyrosylarginine respectively, where A 
refers to an acid group, B to a basic group, and the hyphen to the 
peptide linkage. The present communication is concerned in part 


1 See Cohn (2) for bibliography and discussion. 
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with a new type of tetravalent peptide, namely glycyl-a-amino- 
tricarballylic acid, of B-AAA structure. 

The syntheses of a-aminotricarballylic acid and its glycylpeptide 
have previously been reported (6). The tricarballylic acid, whose 
dissociation values are included for comparison, was an Eastman 
product and was recrystallized from ether. 


Procedure 


The ampholytes were dissolved in the equivalent amount of 
standard hydrochloric acid plus 0.1 N KCl, and 3 cc. samples 
electrometrically titrated with standard sodium hydroxide. The 
ionic strength during the progress of the titration was thus main- 
tained at a practically constant value of 0.1. In order to avoid 
the errors resulting from dilution, each group of the ampholyte 
was titrated separately, fresh solutions of the appropriate con- 
centrations of ampholyte and KCl being prepared. The method 
employed to calculate the apparent dissociation constants is the 
same as that described previously (4). 

Tricarballylic acid was titrated directly with standard alkali 
in the presence of 0.1 N KCl. The method of calculation was sub- 
stantially that which Bjerrum and Unmack (1) employed for 
citric acid. 

A Simms bubbling type of electrode was employed. The 
calomel electrode was standardized with 0.10 Nn HCI, Scatchard’s 
value for pyy of 0.076 (11) being adopted. A water bath main- 
tained the system at 25°. | 


DISCUSSION 


The resemblance of the curves for a-aminotricarballylic acid 
and for its glyeylpeptide (Fig. 1) to those of other a-amino acids 
and their peptides is quite marked (4) Thre is the same narrow- 
ing of the dissociation range of the peptide over that of the amino 
acid. This results since the peptide linkage, though it strengthens 
the dissociation of the amino and the carboxyl groups, has less 
effect on the latter than the —-NH3+ group. The slopes of both 
curves on the acid side of neutrality are steep, the dissociation of 
the three carboxyl groups overlapping in the range of pH 2.5 to 6. 

In Table I are collected the values of the apparent dissociation 
constants of two ampholytes together with those of tricarballylic 
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pH 
Fic. 1. Calculated curves constructed on the basis of the constants: 
tricarballylic acid (Curve 1),pK’, = 3.57, pK’, = 4.66, pK’; = 6.11; a-amino- 
tricarballylic acid (Curve 2), pK’; = 2.10, pK’: = 3.60, pK’; = 4.60, pK’, = 
9.82; glycyl-a-aminotricarballylic acid (Curve 3), pK’; = 2.70, pK’: = 4.10, 
pK’; = 5.35, pK’, = 8.32. ‘ 


TABLE 
Apparent Dissociation Constants (25°) 


pK’ | pK’: | pK’: | pK% | pi 
Glycyl-a-aminotricarballylie acid....... 2.70 | 4.10 | 5.35 | 8.32 | 3.41 
a-Aminotricarballylic acid............. 2.10 | 3.60 | 4.60 | 9.82 | 2.87 


* The results of Morton (9) for tricarballylic acid and for citric acid, 
corrected for interionic effects, are for the former pK; = 3.50, pK2 = 4.58, 
pK, = 5.83; and for the latter pK; = 3.04, pK, = 4.58, pK; = 5.87. 

t Corrected for interionic effects. 


acid. On comparing the shift in the values of the three carboxyl 
groups when found in the amino acid and in the peptide, one 
observes that the influence of the peptide linkage upon the dis- 
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sociation of these groups is nearly the same for each group. The 
difference in the values of amino acid and of peptide carboxy] 
groups amounts respectively to 0.60, 0.50, and 0.75 for pK’, 
pkx’s, and pkx’;.. When the differences in values of the carboxylic 
groups in aspartic acid are compared with those of glycylaspartic 
acid (2), there are obtained 0.73 for the first and 0.58 for the second 
group respectively. The shifts are thus comparable in the two 
sets of compounds and of the same order of magnitude. The 
change in pK’;, relating to the amino group, is 1.50 in the case of 
the change of aminotricarballylic acid to the peptide. The com- 
parable shift of the amino group dissociation value in aspartic 
and glycylaspartic acids amounts to 1.25 in pK’. It is possible, 
therefore, to predict at least the order of magnitude of the disso- 
ciation values of peptides from the values of the constituent amino 
acids. : 

a-Aminotricarballylic acid may be considered to be glutamic 
acid on whose 8-carbon atom there is substituted a carboxyl group. 
The introduction of a third carboxyl group would be expected to 
result in an intensification of the acidic properties over those of 
glutamic acid. Actually, in comparing the dissociation values of 
the two substances (Table I), there is a relatively small shift of 
the isoelectric point of aminotricarballylic acid toward the more 
acid range. The value of pK’; in both compounds, which pre- 
sumably represents the dissociation of the a-carboxyl group, is 
identical. The value for the y-carboxyl group in glutamic acid 
falls between the values for B- and y-carboxyl groups of amino- 
tricarballylic acid. In the latter substance the amino group has 
a slightly more alkaline value than that of glutamic acid. 

Tricarballylic acid bears a close structural relationship to citric 
acid (8-hydroxytricarballylic acid) on the one hand, and to 
a-aminotricarballylic acid on the other. Morton (9) has deter- 
mined the constants for tricarballylic acid and for citric acid. As 
would be expected from the known effect of substituents, the 
greatest difference in the dissociation values of these two sub- 
stances would be in the pl; value, this representing the dissocia- 
tion of the 6-carboxyl group. Differences in pk, and pl; were 
apparently negligible between the two acids. Morton’s values 
cannot properly be compared with ours since he employed certain 
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activity coefficients for the acid ions without stating their values, 
nor the method of obtaining them. In any ease, his values for 
citric acid differ sharply from those of Bjerrum and Unmack (1). 
Our values of tricarballylic acid are more consistent with the values 
which the latter authors determined for citric acid; namely, the 
greatest shift occurring with pk, and very little with pK. or 
pk;. It must be emphasized, however, that the pK’ values pre- 
sented in the present communication are those at an ionic strength 
of 0.10.? 

The result of introducing an a-amino group into tricarballylic 
acid is to intensify the dissociation of the a-carboxy! group, as is 
well known from a comparison of aliphatic acids and of a-amino 
aliphatic acids (2). Comparison of the values of tricarballylic 
acid and of a-aminotricarballylic acid is rendered difficult inasmuch 
as the most acid carboxyl group in the former is located on the 
6-carbon, whereas the most acid carboxy] in the latter is on the 
a-carbon atom. Beyond this allocation it would be difficult to 
assign any pK value to a definite carboxyl group. 


SUMMARY 


1. The apparent dissociation constants at 25° have been deter- 
mined for a-aminotricarballylic acid, glycyl-a-aminotricarballylic 
acid, and of tricarballylic acid. 

2. The effect of the introduction of the peptide linkage is similar 
to that observed in the case of all amino acids; namely, a_nar- 
rowing of the dissociation range of the peptide as compared with 
the amino acid. 

3. a-Aminotricarballylic acid may be considered to be a 6-car- 
boxy-substituted glutamic acid. The isoelectric point of the for- 
mer is only very slightly more acid than that of glutamie acid. 

4. Comparison is drawn to analogous behavior of simpler amino 
acids and peptides. 


? Applying Bjerrum and Unmack’s equation for pK’o, the dissociation 
constant at zero ionic strength for citric acid (1), to our data for tricarbally- 
lic acid, we obtain the following constants: pK, = 3.68, pK, = 4.98, and 
pK, = 6.64. The activity coefficients of citrate and of tricarballylate ions 
ure, however, most probably not identical. 


624 Amino Acids and Peptides. IV 


BIBLIOGRAPHY 


. Bjerrum, N., and Unmack, A., K. Danske Vidensk. Selsk., Math.-fysik. 
Medd., 9, 1 (1929). 


2. Cohn, E. J., Ergebn. Physiol., 33, 781 (1931). 


. Cohn, E. J., in Luck, J. M., Annual review of biochemistry, Stanford 
University, 4, 93 (1935). 

. Greenstein, J. P., J. Biol. Chem., 93, 479 (1931). 

. Greenstein, J. P., J. Biol. Chem., 95, 465 (1932); 101, 603 (1933). 

. Greenstein, J. P., J. Biol. Chem., 109, 529 (1935). 

. Lirderstrém-Lang, K., Tr. Faraday Soc., 31, 324 (1935). 

. Melville, J., and Richardson, G. M., Biochem. J., 29, 187 (1935). 

. Morton, C., Tr. Faraday Soc., 24, 14 (1928). 

. Neuberger, A., Biochem. J., 28, 1982 (1934). 

. Seatchard, G., J. Am. Chem. Soc., 47, 698 (1925). 


| 
| 


STUDIES ON THE PHOSPHORUS COMPOUNDS OF BRAIN 
I. PHOSPHOCREATINE 


By STANLEY E. KERR 


(From the Department of Biological Chemistry, American University of 
Beirut, Beirut, Lebanon)* 
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Gerard and Wallen (1929) observed that medullated nerve con- 
tains an organic phosphorus compound which is rapidly hydrolyzed 
to inorganic phosphorus in the presence of acid molybdate. Ger- 
ard and Tupikow (1930) showed that this compound may be pre- 
cipitated from solution together with a molecular equivalent of 
“bound”’ creatine by means of barium hydroxide and alcohol, and 
concluded that it was phosphocreatine. The presence of con- 
siderable quantities of creatine in brain has long been recognized 
(Hunter, 1928). These facts suggested the desirability of examin- 
ing brain for the presence of phosphocreatine. 

In preliminary experiments* cat brain was found to contain a 
very unstable phosphorus compound with properties correspond- 
ing to those of phosphocreatine. The subsequent work was there- 
fore directed towards establishing the identity of this compound, 
and determining the technique of handling brain for its quantita- 
tive estimation. The substance was eventually obtained in crys- 
talline form. All the information accumulated points to its 
identity with phosphocreatine. 

While this work was in progress Holmes (1933) reported the 
presence of small amounts of labile phosphorus (3 to 5 mg. per 
100 gm.) in frog brain which had been kept in iced Ringer’s solu- 
tion for 7 to 10 minutes after removal. Matsumoto (1933) claimed 
to have found “‘phosphagen”’ in rat and rabbit brain but in view 
of the findings reported below his compound appears to have 
been something other than phosphocreatine. 


* The work reported in this paper represents a continuation of unpub- 
lished experiments carried out at Harvard Medical School in-1932-33 at the 
suggestion of Dr. C. H. Fiske. 
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EXPERIMENTAL 
Methods 


The highest yield of labile phosphorus is obtained by freezing 
the brain in situ with liquid air. Artificial respiration is necessary 
with animals as large as the dog, and advisable with cats, although 
in certain experiments with cats the results were identical with 
no artificial respiration. The animal (anesthetized with amytal) 
is prepared for artificial respiration by introducing a tracheal 
cannula, and the skull is exposed as completely as possible. With 
young cats and smaller animals the skull may be left intact, and 
covered on the top and sides with pads of cotton. With dogs 
and adult cats the skull should be removed, leaving the dura intact. 
Bone fragments are removed, and the cerebrum is covered and sur- 
rounded with cotton. Liquid air is then poured on copiously for 
a period of 4 minutes. Any attempt to economize in the use of 
air merely results in slower freezing, partial loss of labile phos- 
phorus, and other changes to be discussed in subsequent publica- 
tions. When the brain begins to freeze respiration is greatly 
stimulated, and for this reason artificial respiration is begun just 
as this period of stimulation ends, and before the slow respiration 
characteristic of amytal anesthesia is resumed. Even a brief 
period of asphyxia causes loss of labile phosphorus. After freezing 
is complete the heart should still be functioning well. 

The skull, if not already removed, may be taken off by chiseling 
around the base of the exposed portion and down the mid-line. 
The brain is then chiseled out, separated from bone fragments 
and meninges, and transferred to a vessel containing liquid air. 
Care should be taken to handle the brain only with instruments 
chilled in liquid air, as softening of any portion results in loss of 
the labile phosphorus. It is preferable to discard the bottom por- 
tions of the cerebrum and particles near the sides, inasmuch as any 
attempt to remove all the brain usually results in the inclusion of 
many particles of bone, with consequent high values for inorganic 
phosphate. The bottom portions of the brain may have a some- 
what lower content of labile phosphorus due to the slower freezing. 

The frozen brain is prepared for analysis by a procedure pre- 
viously described (Kerr and Blish, 1932). On calculating the 
amount of brain contained in an aliquot portion of the filtrate, 
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allowance should be made for dilution due to the water content 
of the brain (80 per cent).! Labile phosphorus may be deter- 
mined in an 8 ce. portion of the trichloroacetic acid filtrate by the 
calcium precipitation procedure used by Fiske and Subbarow 
(1929) for phosphocreatine in muscle. For “resting’’ specimens a 
final dilution of 20 cc. can be used. 


Results 


The values found for labile phosphorus lie usually between 11 
and 13.9 mg. per 100 gm. for cat brain and 8 and 11.5 for dog brain, 
although occasionally lower values are obtained. The proportion 
of labile to the sum of inorganic and labile phosphorus approaches 
that found for resting muscle in a few experiments, reaching 71 per 
cent in dog brain and 69 per cent in cat brain. The inorganic 
phosphorus in fifteen experiments on cats averaged 11.0 mg. per 
100 gm. (minimum 6.2) and 9.3 for sixteen dogs (minimum 4.7). 
The maximum values found for labile phosphorus (13.9 for eat, 
11.5 for dog) represent approximately 65 per cent of the average 
sum of inorganic and labile phosphorus. 

Analysis of the two hemispheres of the same brain shows only 
minor differences. Likewise the differences noted between cere- 
brum and cerebellum in three experiments are not outside the 
limits of error of the method, especially in view of the fact that 
the two may not be frozen at the same rate (Table I). 

Evidence that the method described gives results approaching 
the true physiological level may possibly be found in the faet that 
the concentration of lactic acid in brain under these conditions is 
approximately the same as that in blood and resting muscle 
(Avery, Kerr, and Ghantus, 1935). 

Other methods for preparing the brain for analysis were used, 
but the values secured for labile phosphorus were much lower. 
Rapid excision of the exposed brain and transfer to a dish of liquid 
air (a procedure requiring about 3 seconds) results in values of 
only 3.1 to 4.9 mg., the average of eleven experiments being 3.9 mg. 
per 100 gm. 7 


' The water content of dog cerebrum was determined on samples which 
had been powdered in liquid air. Drying in a high vacuum over phosphorus 
pentoxide gave practically the same result (79.62 per cent water) as drying 
at 103° in air for 18 hours (79.95 per cent). 
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Freezing in situ with a CO, snow-ethy! chloride slush for periods 
of 30 to 60 minutes, with artificial respiration, was also tried, the 
results varying from 5.6 to 10.6 mg. of labile P per 100 gm., when 
only the outer portion of the cerebrum was used for analysis. The 
middle and innermost portions were found to contain much less. 

Evidence That Lalile Phosphorus Is Phosphocreatine—The rapid 
hydrolysis of the labile phosphorus in the presence of acid molyb- 
date is insufficient evidence that this compound is phosphocreatine, 
However, other evidence has been secured pointing to the identity 
of the labile phosphorus of brain with the phosphocreatine of 


TABLE I 
Phosphocreatine Content of Cerebrum and Cerebellum 


Cats, under amytal anesthesia; the brains were frozen in situ by pouring 
liquid air copiously on the exposed skull. 


| | Mg. P per 100 gm. 
| 


Experiment 
No. | Remarks Phospho- | Phospho- 
creatine in creatine in 
cerebrum cerebellum 
21 Artificial respiration 12.5 | 13.3 
27 | 12.2 13.5 
40) No artificial respiration. Ani- 13.1 13.0 


mal’s respiration stopped 2} 
min. after beginning freezing, 
heart continues 


muscle. A description of the experiments leading to this con- 
clusion follows. 

Labile Phosphorus and Combined Creatine in Copper Hydroxide 
Precipitate—Fiske and Subbarow (1929) showed that if copper 
acetate and sodium hydroxide are added .to muscle extracts in 
such proportion that the pH lies between 7 and 8, phosphocreatine 
is completely precipitated together with the copper hydroxide and 
may later be extracted from the precipitate by means of 0.03 N 
NaOH. Creatinine, but not free creatine, is also precipitated 
with the copper hydroxide. This procedure we have applied to 
trichloroacetic acid extracts of brain. Care was taken to avoid 
decomposition of the labile phosphorus compound by working 
rapidly with ice-cold solutions. The copper hydroxide precipi- 


| 
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tates were washed twice with iced 0.5 per cent sodium chloride 
solutions, since water tends to make the precipitate colloidal. 
Labile phosphorus was determined in the NaOH extract of the 
copper precipitate by the direct colorimetric procedure of Fiske 
and Subbarow (1929). The amount of inorganic phosphorus pres- 
ent was calculated from the 3 and 4 minute readings. Creatine? 
and creatinine were determined by the methods of Folin (1923). 

The alkali extract of the copper precipitate was found to contain 
all the labile phosphorus of the original protein-free filtrate, in 
addition to some inorganic and organic phosphorus. The results 
of determinations of labile phosphorus and creatine in the copper 
precipitate are tabulated in Table II. It will be noted that the 
molecular ratio which these two constituents bear to each other 
is close (considering various experimental errors involved) to 1:1, 
regardless of the absolute value of the two. In Experiment 35-H 
very little labile phosphorus was present, owing to the fact that 
respiration had ceased several minutes before removal of the brain. 
The bound creatine was correspondingly low. Hence it appears 
that autolytic processes result in a simultaneous loss of labile 
phosphorus and combined creatine. It was also demonstrated 
that acid hydrolysis has the same effect. A portion of fresh brain 
filtrate (Experiment 35-A) was compared with a second portion 
of the same filtrate which had been acidified to a concentration 
of 0.1 N with HCl and allowed to stand overnight at 22° (Experi- 
ment 35-B). Both labile phosphorus and bound creatine decreased 
to very low levels due to the hydrolysis, but the ratio between 
them remained approximately the same. 

Labile Phosphorus and Creatine in Calcium-Alcohol Precipitate— 
In the course of attempts to isolate pure phosphocreatine, filtrates 
containing high concentrations of labile phosphorus relatively 
free from other phosphorus compounds were obtained as follows: 
After precipitation of inorganic phosphate by alkaline CaCl, the 


2 It was found best to convert creatine to creatinine by autoclaving in 
the presence of 0.2 N HCl rather than by evaporating to dryness with HCl, 
since the latter procedure led to a brown coloration which interfered with 
the subsequent colorimetric determination. Hunter ((1928) p. 88), basing 
his conclusion on the work of Harding and Eagles (1924), states that there 
is no reason to doubt the essential accuracy of determinatfuns of creatine 
in brain by the colorimetric procedure based on the Jaffe reaction. 


| 
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TABLE II 


Comparison of Labile Phosphorus and Bound Creatine in Brain 


Remarks 
10-H | Cat cerebrum, excised 
and frozen in liquid air 
13-H sé 
14-H 
32-H | Cerebral cortex (cat) 
frozen in situ with CO, 
snow and ethyl chloride 
35-H | Cat cerebrum removed 3 
min. after cessation of 
respiration, then frozen 
in liquid air 
35-A | Dog cerebrum frozen in 
situ with liquid air 
35-B | Same filtrate as in Experi- 
ment 35-A, hydrolyzed 
18 hrs. in 0.1 N HCl at 
22° 
35-C | Same filtrate as in Experi- 
ment 35-A 
14 Dog cerebrum frozen in 
situ with liquid air 
19 sé 
43 Cat cerebrum frozen in 


situ with liquid air 


Labile P in trichloroacetic 


acid filtrate 


0.9 


7.5 


0.9 


7.5 


7.3 


11.5 
10.2 


precipitate per 


Ca-alcohol precipitate 


00 gm. brain in sample taken 
= 3 
#2] 
meg mg. mg mg. my my. 
4.1 |17.2 |23.2* 
3.3 113.9 |10.3 
3.2 |13.5 {12.5 
7.1 |30.0 |30.9 
0.25) 1.1f| 2.0* 
7.2 130.5 |29.1 
3.8 | 2.9 
4.6f |19.5f |20.8} 
0.075) 0.317) 0.291 
0.415) 0.422 
0.169) 0.715) 0.709 


* Creatine high due to yellow color after evaporation with HCl. 
t In this experiment the results can be considered as indicating negligi- 
ble quantities of labile P and bound creatine. 
t The results in Experiment 35-C are given in mg. per 100 gm. of brain, 
In Experi- 
ments 14, 19, and 43 the samples could not be referred back to definite 
quantities of brain due to loss of material in the repeated reprecipitations. 
The data given in these experiments are of course referred to samples of the 
same size, 


since the extract examined was not purified by reprecipitation. 


| 
| 
3 3 
| 3.3 
8.6 
oe 
| | 
| 
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filtrate was treated with alcohol and the precipitate extracted 
with water.’ After purification by reprecipitation the solution 
was examined for labile phosphorus and creatine. These two were 
found to be present in equimolecular proportion, as shown in 
Table II. 

Acid Hydrolysis of Labile Phosphorus Compound—The extent 
of hydrolysis of the labile phosphorus compound in 0.1 N HCl 
was determined and compared with that of pure phosphocreatine. 
An aqueous extract of the calcium-alcohol precipitate described 
above was treated with alkaline calcium chloride solution and 
filtered. Labile phosphorus was determined in a portion of the 
filtrate, and to another portion HCl was added to make the final 
concentration 0.1 nN. After standing 1 hour at 15.5°, the solution 
was neutralized and the remaining labile phosphorus determined 
as usual after precipitation of the inorganic phosphate by calcium 
chloride. The same procedure was applied to a solution of the 
secondary calcium salt of phosphocreatine prepared from muscle. 

Of the total labile phosphorus in the sample of pure phospho- 
creatine, 12.4 per cent was hydrolyzed by the 0.1 N HCl in 1 hour 
at 15.5°, while 12.5 per cent of the labile phosphorus in the extract 
prepared from brain (dog) was hydrolyzed under the same 
conditions. 

Since one of the peculiarities of phosphocreatine is the rapid 
acceleration of its hydrolysis in acid by molybdate, the effect of 
the latter was tested on the labile phosphorus of brain and com- 
pared with pure phosphocreatine under the same conditions. For 
this purpose the aqueous extract of the alcoholic precipitate of the 
calcium filtrate’ was used. The direct colorimetric method of 
Fiske and Subbarow (1929) was used to follow the liberation of 
inorganic phosphate during a period of 1 hour. The experiments 
were performed in unheated rooms in cold weather with care to 
maintain uniform temperature, but fluctuations within 1° were 
unavoidable. The results (Table II1) are expressed in terms of 
per cent of the total hydrolyzed at a given period. A comparison 
of the rates of hydrolysis of the labile phosphorus of brain with pure 
phosphocreatine shows the two to be essentially the same. Hence 


3 Details of this preparation are described in the section on isolation of 
phosphocreatine. 
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it appears that molybdate catalyzes the hydrolysis of the labile 
phosphorus to the same extent as with phosphocreatine. 

Isolation Experiments—The labile phosphorus compound has 
been isolated from cat brain in crystalline form indistinguishable 
from phosphocreatine. The procedure was that used by Fiske 
and Subbarow (1929) for the preparation of crystalline phospho- 
creatine from muscle, with some modifications. All of the inor- 
ganic phosphorus and a large part of the organic phosphorus were 
precipitated by means of alkaline calcium chloride. The labile 


TABLE III 


Hydrolysis of Labile Phosphorus of Brain and of Phosphocreatine in Presence 
of Acid Molybdate 


Per cent of total hydrolyzed 
Time Extract of Ca-aleohol | Extract of Ca-alcohol 
Pure phosphocreatine precipitate, precipitate, 
Experiment 14 Experiment 19 
14° 13-14° 14-15° 
min, 
10 27.6 25.8 28.5 
15 44.1 42.7 46.2 
20 56.4 56.4 56.4 
25 64.9 65.6 65.4 
30 72.4 78.3 76.5 
35 77.0 78.9 84.2 
40) 81.7 80.7 86.0 
50 $4.2 89.7 89.1 
60 90.5 91.1 90 .4 


phosphorus was then precipitated together with other organic 
phosphorus compounds by addition of alcohol at 0°. Fractional 
extraction of the alcohol precipitate was foftowed by precipitation 
of nucleotide by means of uranium, and removal of uranium as 
phosphate. Two reprecipitations by alcohol and a period of 
standing on ice yielded crystalline material in which the labile 
phosphorus was 93 per cent of the total. The crystals were 
spherulites, identical in appearance with the secondary calcium 
salt of phosphocreatine prepared from muscle by the method of 
Fiske and Subbarow (1929). Another recrystallization did not 
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materially increase the proportion of labile phosphorus.‘ The 
preparation was almost entirely crystalline, but a small amount 
of amorphous matter could be detected under the microscope. 
The creatine content of the dissolved material corresponded to 
that calculated from the labile phosphorus present, assuming the 
latter to be phosphocreatine. 


Creatine calculated from labile P.............. 


Although the yield of the crystalline material represented only 
a small fraction of the labile phosphorus found in the original 
filtrate, there seems to be no reason to doubt that all the labile 
phosphorus is phosphocreatine. The complete recovery of the 
labile phosphorus together with a molecular equivalent of com- 
bined creatine in the copper hydroxide precipitate, and the simul- 
taneous loss of both labile phosphorus and the combined creatine 
on acid hydrolysis or as a result of autolysis indicate that the labile 
phosphorus is combined with creatine. The rate of hydrolysis in 
0.1 N HCl and the acceleration of this rate by molybdate are char- 
acteristic of phosphocreatine. These and other properties, e.g. 
precipitation by copper hydroxide, insolubility of the calcium salt 
in aleohol, crystalline form of the calcium salt, rapid decomposi- 
tion of the compound in the tissue after death, all are identical 
with phosphocreatine. 

In brain, as in muscle, not all of the creatine present can be 
accounted for as phosphocreatine on the basis of the labile phos- 
phorus present. In a single experiment the total creatine plus 
creatinine of cat cerebrum was found to be 131 mg. per 100 gm. of 
tissue, while that of the cerebellum was 175.5 The maximum 
amount of labile phosphorus found in cat brain (13.9 mg.) is equiv- 
alent to 59 mg. of bound creatine, which is less than half the total 
content of the cerebrum. 


‘ The amount of material at this point was insufficient to permit further 
purification. Further efforts to secure the labile phosphorus in crystalline 
form sufficiently pure for elementary analysis have as yet been unsuccessful. 

5 Calculated as creatine. This confirms the findings of Harding and 
Eagles (1924) that the creatine content of the cerebrum is distinctly lower 
than that of the cerebellum. % 
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Postmortem Changes—After death or removal of the brain from 
living cats and dogs the phosphocreatine disappears from the 
brain with far greater rapidity than is the case with muscle, as 
evidenced by the fact that brain immersed in liquid air or crushed 
in trichloroacetic acid within 3 seconds from the time of excision 
suffers a loss of 70 per cent of the labile phosphorus. Within 30 
seconds after removal of the brain the phosphocreatine content 
diminishes to about 1 mg. per 100 gm. Specimens analyzed 10 
minutes after death contain no phosphocreatine. 

The rapidity with which the brain phosphocreatine disappears 
is, however, much less in the frog and turtle, and appears to be 
associated with the lower body temperature. Holmes (1933) 
found as much as 5.0 mg. of labile phosphorus in frog brain which 
had been kept in iced oxygenated Ringer’s solution for 7 to 10 
minutes after removal from the animals, but we could find only 
1.8 mg. per 100 gm. with the same experimental conditions. 

In view of the rapidity with which the labile phosphorus dimin- 
ishes after death, the greater part being lost within a few seconds, 
it is obvious that methods of fixing the brain which permit the 
slightest autolysis cannot give data representing true physiological 
conditions. We have accumulated ample evidence that this is 
true not only for studies concerning phosphocreatine but also for 
other constituents of brain (phosphorus compounds, glycogen, 
glucose, and lactic acid). Matsumoto (1933)’ claims to have 
found ‘‘phosphagen’”’ in brain removed from rats and rabbits 20 
minutes after death. The amount found 1 minute after death 
was nearly the same as after 20 minutes, hence he concluded that 
the phosphagen of brain is less labile than that of muscle. Accord- 
ing to our experience no phosphocreatine is present under these 
conditions. 


SUMMARY 


1. Mammalian brain contains a labile phosphorus compound 
which disappears with great rapidity after death, less than a tenth 
remaining 30 seconds after excision of the brain. Methods are 
described for preparation of the brain sample for analysis by freez- 


Unpublished experiments. 
7 Our information regarding this paper is limited to the abstract in Ber. 


ges. Physiol. u. exp. Pharmakol., 74, 131 (1934). 
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ing in situ with liquid air. Other procedures result in loss of much 
if not all of the labile phosphorus. 

2. The labile phosphorus is precipitated from brain extracts 
together with a molar equivalent of bound creatine by means of 
copper hydroxide and also by alcohol in the presence of caleium. 
Labile phosphorus and creatine may be extracted from the copper 
precipitate in equimolecular proportion regardless of their absolute 
concentration. Autolysis of the brain sample, or acid hydrolysis 
of the protein-free filtrate results in loss of the labile phosphorus 
and simultaneous loss of the bound creatine precipitated by copper 
hydroxide. 

3. The rate of hydrolysis of the labile phosphorus compound by 
acid is identical with that for pure phosphocreatine. Molybdate 
increases the rate of hydrolysis to the same extent as with phos- 
phocreatine. 

4. The labile phosphorus has been isolated as the calcium salt 
in crystalline spherulites identical in appearance with the second- 
ary calcium salt of phosphocreatine. The preparation was not 
entirely pure. 

5. No significant differences were observed in the labile phos- 
phorus content of cerebrum and cerebellum. 


The author wishes to acknowledge his indebtedness to the late 
Professor Folin for the hospitality of his department during 
1932-33, and to Professor C. H. Fiske, who suggested this problem, 
for his advice during the preliminary studies on which this paper 
is based. Acknowledgement is also made to the Rockefeller 
Foundation for a grant in aid of this research. 
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In the preceding paper (Kerr, 1935) it was shown that brain 
contains a labile phosphorus compound identified as phospho- 
creatine, the maximum concentration of which is secured only when 
the brain is frozen in situ with liquid air. The speed with which 
decomposition of this compound proceeds after death or excision 
of the tissue suggested that postmortem glycolysis might also 
occur with great rapidity, and that the “‘resting’’ value of lactic 
acid in brain might more nearly correspond to the lower levels 
recognized for muscle (Cori and Cori, 1933), blood (Cook and 
Hurst, 1933), and nerve (Schmitt and Cori, 1933) than most of 
the values reported in the literature. In none of the investiga- 
tions so far reported has postmortem change been completely 
eliminated. The purpose of the investigation here reported is 
therefore to determine the level of lactic acid in mammalian brain 
prepared by the technique which yielded the maximum values for 
phosphocreatine. 


Methods 


The brain specimens were prepared for analysis by the technique 
described by Kerr (1935) for securing the maximum value for 
phosphocreatine. Remelting should not be permitted, since our 
experience has shown that where this occurs the lactic acid may 
increase from 16 to 50 mg. per cent. Lactic acid was determined 
by the method of Friedemann and Graeser (1933) with adapta- 
tions found necessary to obtain consistently reproducible results 
with samples containing as little as 0.1 to 0.5 mg. of lactic acid. 
Their reagents were adapted in concentration to the smaller sam- 
ples used. The chief modification consisted in the substitution 
of the all-glass microdistillation apparatus of Lehnartz (1928). 
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The use of a distillation mixture of only 20 cc. total volume, and 
the avoidance of rubber connections resulted in uniformly low 
blanks. 

In the actual determination of lactic acid a 35 ec. aliquot of 
the neutralized! trichloroacetic acid brain filtrate (1:10 dilution) 
was treated with 2 cc. of 20 per cent copper sulfate solution and 
2 ce. of 20 per cent. milk of lime to remove glucose and other inter- 
fering substances which would otherwise have caused an error of 
as much as 18 per cent at the low lactic acid levels found in these 
specimens. It was then diluted to 50 cc. and mixed for half an 
hour before filtering. An aliquot of the copper-lime filtrate (15 ee. 
when working with specimens containing low concentrations of 
lactic acid) was measured into the boiling flask together with tale 
and glass beads, followed by 2 ec. of the H;PO-MnSQO, reagent? 
and sufficient redistilled water to make a total volume of 20 ce. 
The receiving flask, containing 10 ec. of sodium bisulfite solution 
(0.07 mM), was immersed in ice water. Distillation was begun 
with the heater adjusted to bring the mixture to a boil in 3 minutes. 
As soon as steam started to condense on the horizontal tube lead- 
ing to the condenser, addition of colloidal MnO, (0.005 N) was 
begun at the rate of 60 to 100 drops per minute, depending upon 
the quantity of lactic acid estimated to be present. The mixture 
was boiled for 12 minutes, the receiver lowered, the tip of the 
condenser rinsed with a minimum of water, and distillation con- 
tinued for another 2 minutes to wash out the tube. After removal 
of the unbound bisulfite with strong iodine solution, the combined 
bisulfite was liberated by addition of 3 ec. of saturated NaHCO; 
solution and the final titration made with 0.0025 N iodine. At 
the end-point, 1 ec. of 10 per cent Na2,CO; was added to insure 
complete liberation of all bound bisulfite. 


1A 1 per cent solution of phenolphthalein in 40 per cent trichloroacetic 
acid was used as indicator since the alcohol content of the solution ordi- 
narily employed would introduce an error in the subsequent lactic acid 
determination. 

2 The H;POi-MnSO, solution was increased in concentration to contain 
230 gm. of MnSO,-4H2O and 100 ec. of 84 per cent H;PO, per liter. It was 
found that maximum recovery of lithium lactate added to the original mix- 
ture of powdered brain and 10 per cent trichloroacetic acid was obtained 
only when the concentration of H;PQO, in the boiling flask was as high as 
0.14 m and that of MnSO, 0.10 m. 
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With this procedure, analysis of 0.1 to 0.5 mg. samples of lactic 
acid in the form of a water solution of recrystallized lithium lactate 
gave results of from 96.5 to 99.5 per cent (average of eleven experi- 
ments, 97.5) of the theoretical. Analysis of identical samples in 
the presence of trichloroacetate of the concentration encountered 
in the analysis of the brain filtrates yielded an average return of 
97.2 per cent in six experiments, whereas after a copper-lime 
precipitation the recovery averaged 96 per cent (average of six 
experiments). A 96 per cent yield was also obtained after the 
addition of weighed portions of lithium lactate to mixtures of 
powdered brain and 10 per cent trichloroacetic acid, indicating 
the establishment of complete equilibrium in the routine ex- 
tractions. 


DISCUSSION 


The values obtained for lactic acid in cat brain frozen in situ 
with liquid air lie between 11.4 and 21.3 (average 15.3) mg. per 
100 gm. (Table I). For the dog the range is between 12.4 and 
35.0 (average 22.3), but we regard the high values obtained in 
ixperiments 54 and 57 (85 mg.) as abnormal, since the phospho- 
creatine content was low. If these two experiments are omitted 
the average for the dog becomes 19.4. These low levels fall within 
the range obtained by various investigators for lactic acid in rest- 
ing muscle and blood (Cori and Cori, 1933; Cook and Hurst, 1933). 

Kxcision of the brain from the living animal followed by imme- 
diate immersion in liquid air results in much higher values for 
lactic acid. <A level of 63 mg. per 100 gm. is reached when the 
interval between the first interference with the blood supply and 
the beginning of freezing is as much as 2 to 3 seconds and a maxi- 
mum of 197 is found when the interval is extended to 30 minutes.* 

In previous investigations on the lactic acid content of normal 
brain the lowest values found were obtained by freezing in liquid 
air after decapitation or excision of the brain—a procedure requir- 
ing at least a few seconds. Holmes and Holmes (1925), using 
methods which permitted 4 to 5 minutes autolysis between the 
death of the animal and the freezing of the tissue, found lactic 
acid values for rabbit averaging about 83 mg. per 100 gm. Me- 


> Unpublished experiments. The postmortem productior of lactic acid 
will be discussed in a subsequent publication. 
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Ginty and Gesell (1925), by dropping dog brain into liquid air 
within 12 seconds after decapitation, found an average initial 
level of 72 mg. per 100 gm. and by delaying freezing demonstrated 
a rapid formation of lactic acid during the subsequent 4 minutes. 
Holmes and Sherif (1932) dropped mouse heads into liquid air 
2 to 3 seconds after decapitation and found an average of 67 mg. 
of lactic acid per 100 gm. of brain. We have confirmed these 


TABLE I 
Lactic Acid and Phosphocreatine Content of Brain Frozen in Situ with 
Liquid Air 
Cat brain* Dog cerebrum 
mg. per cent mg. per cent mg. per ceni mg. per cen 
11 17.9 12 21.3 7.9 
15 12.7 12.9 22-A 17.5 10.2 
16 11.4 11.4 22-C 25.1 8.6 
18 21.3 9.5 39 18.1 8.7 
20 11.8 10.7— 46 18.2 8.5 
21 14.8 12.5 52 24.2 9.2 
27 15.4 12.2 53 18.9 9.5 
40 15.4 13.1 54 35.6 7.5 
43 13.1 10.2 55 12.4 11.5 
45 18.5 10.3 56 18.6 10.1 
21 14.8 12.5 57 35.0 7.7 
13 .3* 13 .3* 
40 15.4 13.1 
18.0* 13 .0* 
Average... 15.3 11.9 22.3 9.0 


* Cat cerebrum was the part of the brain used in all determinations listed 
except the second readings for Experiments 21 and 4Q in which instances the 
cerebellum was used. 


findings for the time intervals represented between death and 
freezing of the tissue by liquid air. 

Holmes (1933) found in frog brain perfused with iodoacetie acid 
levels of lactic acid (9 to 12 mg.) similar to the lowest we obtain 
for “resting”? mammalian brain. Haldi, Ward, and Woo (1927) 
also obtained results similar to ours, but since they used an experi- 
mental procedure involving a delay of 60 to 80 seconds between 


— — 
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death and the beginning of fixation of the brain, we repeated their 
experiment. Rabbits under amytal anesthesia were decapitated, 
the heads split, and the brains extracted and thrown into liquid 
air exactly 70 seconds from the time of decapitation. Lactic 
acid (determined as described in this paper) was found to be 
62.5 to 68.8 mg. per cent, whereas they obtained values from 11.5 
to 15.9 mg. per cent. The accuracy of their results must therefore 
be questioned. Haldiin a later publication (1933) gave an average 
value of 51.8 mg. per 100 gm. for dog brain immersed in liquid air 
8 seconds after decapitation. 

Cobet (1929) likewise reported the “resting’’ lactic acid level 
of rabbit brain to be less than 10 mg. per cent. He excised the 
brains of rabbits under deep urethane anesthesia, immersed them 
in liquid air 10 seconds after cutting off the blood supply, and 
determined lactic acid by the colorimetric method of Mendel and 
Goldscheider (1925). The “resting’’ level was estimated by extrap- 
olation. However, Jungmann and Kimmelstiel (1929), using 
Cobet’s technique for preparing the brain specimens, found initial 
lactic acid values of 64 to 80 mg. per 100 gm. Kinnersley and 
Peters (1930), also unable to duplicate the results of Cobet, found 
an average value of 58 mg. per 100 gm. in the brain of heavily 
urethanized pigeons and 54 mg. in unanesthetized birds. In their 
experiments the heads were dropped into liquid air within 5 seconds 
after beheading. 

We observed no significant differences in the lactic acid content 
of cerebrum and cerebellum (Experiments 21 and 40, Table I). 

A comparison of the phosphocreatine and lactic acid levels in 
the brain specimens examined (Table I) indicates that the highest 
values for lactic acid are accompanied by relatively low concen- 
trations of phosphocreatine. As autolysis proceeds this relation- 
ship is accentuated. The relationship of glycolysis and phospho- 
creatine breakdown will be dealt with in subsequent publications. 


SUMMARY 


1. An adaptation of the I'riedemann-Graeser procedure for de- 
termining lactic acid in quantities from 0.1 to 0.5 mg. is described. 

2. The lactic acid content of mammalian brain frozen in situ 
with liquid air is found to be within the range of 11.4 to 35.6 mg. 
per 100 gm., averaging 15.3 mg. for cat and 22.3 mg. for dog. 
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Phenolases are oxidases which have the power to catalyze the 
oxidation, by molecular oxygen, of phenols or their simple deriva- 
tives containing free OH groups. The rate of oxidation in these 
systems can be measured by noting (a) the amount of oxygen con- 
sumed, or (b) the changes occurring in the oxidized component 
of the system. Each of the methods based upon the measurement 
of the changes occurring in the substrate has been necessarily 
developed for a specific system. Each uses a definite substrate, 
and it is frequently assumed that the behavior of the enzyme, or 
possibly enzyme mixture, in that system will be representative of 
its relation toward all other substrates. That this is not the case 
has been indicated by the work of Bunzel (1916), who showed that 
extracts from different plants may behave differently toward 
a variety of substrates, and by recent work in this laboratory which 
seems to establish the existence of at least three different phe- 
nolases. It appeared therefore desirable to use oxygen consump- 
tion, which is common to the reactions of all the enzyme-substrate 
systems of various phenolases, as an index of oxidase activity. 
Although this was done as early as 1895 by Bertrand, later by ° 
Bunzel (1914), and more recently by Wieland and Fischer (1926), 
its quantitative aspects have not been developed to a satisfactory 
degree. A study of the variables involved in this method was 
therefore undertaken. 


EXPERIMENTAL 


Preparation of Enzyme Extract—The plant tissue was frozen, 
ground in the frozen state in a food chopper, and stored at —17°. 
The extract was freshly prepared for each determination by rapid 
mechanical dispersion of a ground portion in a 1 per cent NaHCO; 
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solution which was then centrifuged, filtered, neutralized with 
glacial acetic acid, and saturated with toluene. This extract was 
purified in a number of cases by precipitation and reprecipitation 
with 3 times its volume of alcohel; this did not seem to result in 
any change in the behavior of the enzyme other than a more rapid 
inactivation upon standing. 

Description of Apparatus—Oxidase activity was determined in 
a Barcroft manometric respiration apparatus as modified by War- 
burg (1925) with the type of flask illustrated by Warburg et al. 
(1929). The volume of the chambers varied between 18 and 22 ce. 
1 cc. of the extract was introduced into the main chamber, 1 cc. 
of substrate into the side flask, and 0.25 cc. of 6 per cent KOH into 
the central cylinder. Under conditions of very rapid oxidation 
the CO, absorption by the KOH proved not sufficiently rapid, 
even when the absorbing surface was increased by means of filter 
paper, as suggested by Dixon and Elliott (1930). The water bath 
was maintained at 25° + 0.05°. The flasks were shaken at an 
amplitude of travel of 15 cm. at 72 cycles per minute. This rate 
of shaking was chosen, since no increase in rate of oxygen absorp- 
tion was obtained by increasing the rate of shaking from 55 to 72 
cycles per minute. One unit of the apparatus was used as a 
thermobarometer. The error due to the apparatus was calculated 
to be within 2.5 per cent. Different determinations could be 
easily duplicated within 5 per cent at the medium values of the 
manometer scale. 

Partial Pressure of Oxygen—An increase of concentration of 
oxygen over that of air up to 60 to 70 per cent by volume was 
found to increase the rate of oxygen absorption as shown in Fig. 1. 
Measurements taken in air, which are frequently reported in the 
literature, fall in the steep part of the curve, so that a small change 
in partial pressure of oxygen during the progress of the reaction 
would produce a considerable error. The concentration of oxygen 
required to obtain maximum oxygen absorption was found to be 
less in the case of weaker enzyme preparations than with solutions 
of high enzyme activity. Therefore it’would seem that the high 
values obtained for the limiting oxygen concentrations were due 
rather to the slowness in the rate of diffusion of the oxygen to the 
enzyme-substrate than to its direct effect at the reacting surface. 
The limiting effect of low oxygen concentrations was noted by 
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von Kuler and Bolin (1908), but overlooked by many later workers. 
Fleury (1924) called attention to the importance of partial pressure 
of oxygen below that of air in the use of a colorimetric method. 
Our results confirm those of Suminokura (1930), who reported 
increased yields of purpurogallin with laccase at oxygen pressures 
above that of air. 

Concentration of Hydrogen Ion—Molal acetate buffers were 
used in the determination of pH-activity curves. The measure- 
ments were limited toward the alkaline side by the increased autox- 
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ia. 1. The effect of partial pressure of oxygen upon phenolase activity 
(source of extract, avocado; buffer, pH 4.9; substrate, catechol). 


idation of the phenols. ‘The influence of the source of the enzyme 
upon its pH relationship is illustrated in Fig. 2. With the same 
substrate, catechol, extracts from apricots and peaches, which 
are closely related genetically, showed their optimum pH at 4.9, 
while apple extracts did not show a maximum between pH 3.7 and 
6.4. Preparations obtained by repeated precipitations with alcohol 
exhibited the same optimum pH as the crude extract, possibly 
because the purification was not carried far enough. Similar dif- 
ferences in optimum pH were found when a number of enzyme 
preparations from other plant sources were examined. ‘These 
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results might have been expected on the basis of observations 
reported in the literature on other enzymes and the findings of 
Bunzel (1916) who stated that the region of acid inactivation of 
oxidase was similar in preparations obtained from related species 
in which the enzyme would be accompanied by similar colloids. 

The optimum pH for the activity of the enzyme preparation 
from any one source was found to vary with different substrates, 
probably because the oxidation is a function of the pH of the 
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Fic. 2. The effect of pH upon phenolase activity (extracts from three 
different varieties of fruit). 


reacting system. Our findings confirm similar results of Cruess 
and Fong (1929) for peroxidase. 

Concentration of Substrate—At the concentrations used the plant 
extract alone did not absorb any measurable amount of oxygen 
during the period of observation, although it contained a small 
amount of substrate naturally occurring in the plant. When phe- 
nolic substrate was added, the rate of oxygen absorption increased 
up to a certain point beyond which additional substrate acted as 
an inhibitor. It is seen in Fig. 3 that this optimum varies for 
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different substrates. The curve for phloroglucinol (oxidized by 
lemon leaf extract) was not included in the graph because its 
maximum oxidation was reached at about 0.025 mM concentration 
and no observations could be taken beyond this point because of 
its low solubility. The inhibition produced by high concentration 
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lic. 3. The effect of substrate concentration upon phenolase activity 
((a) substrate, catechol; enzyme, apricot extract; pH, 4.9; time of reaction, 
100 minutes; (b) substrate, pyrogallol; enzyme, avocado extract; pH, 6.0; 
time of reaction, 10 minutes; (c) substrate, quinol; enzyme, pear leaf 
extract; pH, 6.0; time of reaction, 10 minutes). 


of substrate could be removed by dilution. It was apparently not 
caused by the accumulation of products of oxidation, since addi- 
tion of previously oxidized phenols caused no inhibition. The 
optimum substrate concentration was not shifted for apricot oxi- 
dase when the pH was changed from the optimum of 4.9 to 3.6 
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or 6.0. It was, however, not the same for different enzyme con- 
centrations, as shown in Table I. 

The values in Table I indicate that at the optimum substrate 
concentrations the oxygen absorption is directly proportional to 
the concentration of enzyme. However, no such linear relation- 
ship could be obtained for different enzyme concentration at any 
one substrate concentration, other than the optimum, thus neces- 
sitating a preliminary determination of that optimum whenever 
a new enzyme preparation is to be used. Theoretically, 50 per 
cent of the optimum activity should appear, for all enzyme con- 
centrations, at the same substrate concentration, corresponding 
to the Michaelis constant. At this point we should therefore expect 
a quantitative relationship between enzyme concentration and 


TABLE [ 


Relation of Oxygen Absorplion and Enzyme Concentration at Optimum Sub- 
strate Concentration 


The source of extract was the avocado. 


Calculated 
ge 
M per l. mg. X 108 Oo mg. 108 
1X 0.30 131 126 
2X 0).35 254 252 
3x 0 .45-0. 50 372 376 
activity. A number of determinations conducted at the substrate 


concentration corresponding to the Michaelis constant proved 
very unsatisfactory, probably because in this region the substrate- 
activity curve is very steep and, therefore, very small changes in 
substrate concentration would cause a considerable error. This 
difficulty does not enter in the region of the optimum. Michaelis 
and Menten (1913) have furnished, in their work on a hydrolyz- 
ing enzyme, the theoretical explanation for the fact that the 
enzyme activity is proportional to its concentration only at the 
optimum substrate concentration. This law is here shown to 
apply equally well to an oxidase, although the mechanisms are 
different. 

Presence of Salts—The inhibiting effect of certain neutral salts 
on the apricot-catechol system between pH 3.5 and pH 7.0 was 
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found to be due to the anion and independent of the cation. In 
Fig. 4 is shown the relation between atomic number of halides 
and their inhibitive action on phenolase. It will be seen that at 
all concentrations used the inhibitive action of fluoride, chloride, 
and bromide is inversely related to their atomic numbers. If we 
extrapolate the points corresponding to F~ and Cl~ at 0.025 Nn 
concentration, it will strike the line of zero inhibition at the point A 
which corresponds to an atomic number less than that of the bro- 
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mide. Therefore, we would expect no inhibitive action of bromide 
at that concentration. This is actually the case. The same is 
true for iodide. The small amount of inhibition which seems 
to occur may be due to the reaction of iodide with catechol as 
indicated by the yellow color developing upon their mixture. 

The writer has as yet no satisfactory explanation for the remark- 
able linear relationship of the data. If an electrostatic force were 
responsible for this effect, then we would expect that iodide would 
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be more strongly inhibiting than chloride, as the attracting force 
of the valence electron increases with its distance from the nucleus. 
This order of reactivity known as the Hofmeister series has been 
shown to hold for the inhibition of dehydrogenase (Pincussen and 
Gorne, 1932). lor phenolase, however, the order of inhibition is 
opposite to that of the Hofmeister series. This finding is also 
supported by the semiquantitative investigations of Ewart (1914). 
A steric hindrance for the penetration of the more strongly hy- 
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Kia. 5. Effect of exposure to heat upon phenolase activity (source of 
extract, apricot; temperature at which the activity was determined, 25°). 


drated larger ions into the active catalytic group may possibly 
be involved. 

Effect of Temperature—Apricot extract at its natural pH, 3.5, 
was incubated under toluene at various temperatures in the form 
of a thin layer between two concentric thin walled test-tubes under 
conditions minimizing any lag in temperature. After removal 
from the incubator the tubes were stored for 24 hours at 0° and 
the power of the extract to oxidize catechol was determined. The 
results are shown in Fig. 5. It will be seen that this phenolase is 
partially inactivated at lower temperatures than reported for 
other enzymes. 
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The critical temperature, defined by Haldane (1930) as that at 
which the enzyme is half destroyed in 1 hour, is for apricot oxidase 
38°. This is considerably lower than that reported for the 50 per 
cent denaturation of any protein. The rate of heat inactivation 
of enzymes has been found by a number of investigators to follow 
that of a first order reaction. When the constants for the first 
and second orders were calculated from the data above, it was 
found that they fall off rapidly with time, indicating that the 
reaction is of a higher order. The temperature coefficient, Q1o, in 
the middle part of the curve (Fig. 5) is 3, while the Qio of enzyme 


TABLE II 
Velocity Constant of Phenolase Activity 
The source of extract was the avocado; the substrate, catechol. 


Time Log absorbed 
min. mg. 

5 0.70 0.23 0.45 
10 1.00 0). 29 0.32 
15 1.18 0.33 0.29 
20 1.30 0.36 (). 28 
25 1.40 0.38 0.27 
30 1.48 0.39 0). 27 
35 1.54 0.41 0.26 
40 1.60 0.42 0.25 
50 1.70 0.44 eee 
60 1.78 0.45 0.25 

145 2.16 ().49 0.23 


inactivation by heat is known to be exceedingly high. These facts 
strongly indicate that the inactivation observed at these relatively 
low temperatures is not due to heat coagulation of an enzyme-pro- 
tein complex, but rather to the acceleration of a chemical reaction 
by increased temperature. An oxidative inactivation, the forma- 
tion of a permanent oxide of oxidase, as suggested by Wieland and 
Sutter (1930) to be responsible for the falling off of the reaction 
curve of oxidases, may account for the observed loss in activity. 

Expression of Results—The results obtained in the measurement 
of oxidase activity may be expressed quantitatively either in terms 
of the time required for absorption of a definite amount of oxygen, 
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the amount of oxygen absorbed after a certain time interval, or 
the velocity constant of the reaction. Since phenolase is gradu- 
ally inactivated during the course of the reaction, thus causing a 
flattening out of the reaction curves, it would seem preferable 
(Haldane, 1930) to express activity in terms of the length of time 
required for a certain performance. However this was frequently 
found impracticable when rapid reactions were compared with 
slow ones, because the inaccuracy of measuring rapid reactions 
at short time intervals is considerable. As has been shown in 
Table I, very satisfactory results could be obtained by measuring 
the amount of oxygen absorbed in a given period. 

Although the use of the rate constant would seem theoretically 
more desirable, its use is too cumbersome for frequent deter- 
minations. It should, however, form a very useful basis for the 
establishment of a unit for the measurement of enzyme concen- 
tration. A rather close approximation of the velocity constant 
for the main part of the curve can be reached by means of the 
formula K = QO2/log t, as shown in Table II. Except at first 
when the error in reading is considerable, and at last when the 
reaction practically ceases, K is fairly constant. 


DISCUSSION 


A better knowledge of the variables influencing the rate of phe- 
nolase activity should not only prove useful in determinations of 
relative enzyme activity, but also provide a basis for the establish- 
ment of a phenolase unit. Willstétter and Weber’s Purpuro- 
gallinzahl (1926) and the oxidase unit of Bunzel (1913) are both 
based on the rate of oxidation of pyrogallol. Since there exist 
no fixed ratios for the rates of oxidation of various substrates in 
extracts of different plants, a unit based on any one substrate 
would be limited to that one reaction and not be applicable to 
others. Furthermore, according to the standard method, a fixed 
pH is required for the reaction during the oxidation of purpuro- 
gallin. It has been shown here that different plant extracts may 
have different pH relationships, hence this is an objectionable 
feature. It is therefore proposed that a standard phenolase unit 
be based on the amount of oxygen absorbed from an atmosphere 
of oxygen at 25° by an enzyme-substrate mixture at the optimum 
substrate concentration and optimum pH, expressed in terms of 
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the velocity constant of the reaction. The specification of the 
source of the extract and nature of the substrate in addition to 
the phenolase number would have to be made, but it is hardly 
possible to avoid this until methods of separating and purifying 
the various phenolases have been developed. It would, however, 
be applicable to a large number of phenolase reactions. It replaces 
artificial standardization by natural properties of the systems under 
investigation. 


The writer wishes to take this opportunity to express his indebt- 
edness to Dr. W. V. Cruess and Dr. J. P. Bennett for their assist- 
ance throughout this work and to Dr. M. A. Joslyn and Dr. J. 
Oserkowsky for valuable suggestions. 


SUMMARY 


1. A number of variables involved in the oxidation of phenols 
by gaseous oxygen in the presence of plant phenolase were studied. 

An increase in the partial pressure of oxygen up to 60 to 70 
per cent Oz increased the rate of enzymatic oxidation under the 
conditions of the experiment. 

Increase in the concentration of the substrate increased the 
oxygen absorption up to an optimum concentration beyond which 
additional substrate inhibited enzyme activity. 

The pH activity relation was found to be a function of both 
the nature of the substrate and the source of the enzyme extract. 

The halides of neutral salts inhibited oxidase activity inversely 
to their atomic number. 

Phenolase activity is partially destroyed even at very moderate 
temperatures by a reaction which seems to be chemical in nature 
and not a heat coagulation. 

2. A phenolase unit is proposed which has as the phenolase 
number the velocity constant K = (O2 absorbed/log t), when meas- 
ured under the following standard conditions: (a) in an atmos- 
phere of pure oxygen, (b) at a temperature of 25°, (c) at the opti- 
mum pH, (d) at the optimum substrate concentration. 
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Recently Schmidt (1) reported that, ““The phospholipid content 
of heparinized plasma is consistently 10 to 12 per cent higher than 
that of oxalated plasma, when the latter contains from 0.2 to 0.4 
per cent potassium oxalate.’’ He demonstrated quite conclu- 
sively that the difference is due to an alteration in cell and plasma 
volumes produced by the oxalate. 

It follows that there should be a similar difference in the chol- 
esterol contents of heparinized and oxalated blood plasmas. Some 
time ago we chanced to determine cholesterol in serum and oxal- 
ated plasma from the same blood sample of a hypercholesterolemic 
patient. To our surprise the serum contained 409.5 mg. of total 
cholesterol per 100 cc., while the plasma contained only 300.0 mg. 
The free cholesterol values differed in almost exactly the same 
proportion. Because of the practical importance of this finding 
we carried out the following experiment. 

Samples of blood from healthy, adult, human subjects were 
divided into three portions. One was allowed to clot spontane- 
ously, another was heparinized, and the third was treated with an 
excess of dry sodium oxalate, according to routine clinical practice. 
The corresponding samples of serum, heparinized plasma, oxalated 
plasma, and serum to which heparin was added in excess, were 
analyzed for total and free cholesterol by the method of Schoen- 
heimer and Sperry (2). Combined cholesterol was calculated as 


* This investigation was made possible by the aid of the Josiah Macy, 
Jr., Foundation. 
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the difference between total and free cholesterol. In addition, 
cholesterol was determined in serum and oxalated plasma from a 
sample of dog blood. 


TABLE I 
Cholesterol in Serum and Plasma 


Cholesterol, mg. per 100 ec. ‘ 
Total | Free | [om 

Sh Serum 204.8 | 55.8 | 149.0 2.67 
‘¢ + heparin 199.8 | 55.8 | 144.0 2.58 
Plasma (heparinized) 199.3 | 54.6 | 144.7 2.65 
- (oxalated) 173.5 | 46.6 | 126.9 2.72 
Sp Serum 187.0 | 54.1 132.9 2.46 
‘¢ + heparin 188.3 | 53.3 | 135.0 2.53 
Plasma (heparinized) 189.0 | 52.3 136.7 2.61 
” (oxalated) 159.8 | 44.5 | 115.3 2.59 
Se Serum 264.0 | 75.1 188.9 2.52 
‘¢ + heparin 264.0 | 73.6 | 190.4 2.59 
Plasma (heparinized) | 263.8 | 71.9 | 191.9 2.67 
“a (oxalated) 223.5 | 59.5 | 164.0 2.76 
Dog Serum 67.8 | 18.9* | 48.9 2.59 
Plasma (oxalated) 56.0 | 16.6* | 39.4 2.37 


* The error in determining such small amounts is relatively high. 


TABLE II 
Effect of Oxalate on Cholesterol of Serum 
Cholesterol, mg. per 
Serum « 100 ce. Combined cholesterol 
No. Sample Free cholesterol 
Total | Free eet 
1 | Untreated 114.5] 47.9°| 66.6 1.39 
Supernatant 114.5) 47.0 | 67.5 1.44 
Suspension of precipitate 117.0} 48.0 | 69.0 1.44 
2 Untreated 263.8) 67.6 | 196.2 2.90 
Supernatant 265.3} 69.6 | 195.7 2.81 
Suspension of precipitate 262.8) 69.4 | 193.4 2.79 


The results (Table I) show no significant difference between 
serum, heparinized plasma, and serum plus heparin, but in all 
eases oxalated plasma contained considerably smaller amounts of 


olestero] 
terol 
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both total and free cholesterol. The average difference between 
the amounts of total cholesterol in heparinized and oxalated plas- 
mas was 15.3 per cent of the former. 

Free and total cholesterol were lower in oxalated plasma in the 
same proportion, as is evident from the fact that the ratios of com- 
bined to free cholesterol showed no significant variations. 

The possibility that cholesterol had been carried down with the 
calcium oxalate precipitate was considered. Sodium oxalate. was 
added in slight excess to 2 cc. portions of serum and the resultant 
precipitate was centrifuged down. All but about 0.3 cc. of the 
clear, supernatant serum was removed, the precipitate was stirred 
up in the remaining serum, and 0.2 cc. of this suspension, which 
contained a large part of the precipitate, was pipetted for analysis. 
The untreated serum and the supernatant serum were analyzed 
simultaneously in the same way. The results (Table II) show no 
significant differences in the cholesterol content of the three sam- 
ples and demonstrate that cholesterol is not carried down with 
the calcium oxalate precipitate. 

These findings led us to the same conclusion reached by Schmidt; 
i.e., that the difference is due to an effect of oxalate in altering cell 
and plasma volumes. We had intended, when time permitted, 
to extend these experiments along lines similar to those employed 
by Schmidt, but this now seems unnecessary and we are reporting 
our observations because of the practical importance of the point 
involved. 


SUMMARY 


Oxalated blood plasma contains significantly smaller amounts 
of total and free cholesterol than either serum or heparinized 
plasma from the same blood sample. ‘Total and free cholesterol 
are reduced in the same proportion. 

There is no significant difference between the cholesterol con- 
tents of serum and heparinized plasma. 

The results are in accord with the conclusion of Schmidt, based 
on similar observations in regard to phospholipid, that the dif- 
ference is due to an effect of oxalate in altering serum and plasma 
volumes. 

Oxalated plasma should not be used for determination of 
cholesterol. 
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The conversion of cholesterol into allocholesterol by Windaus (1) 
indicated a new path by which possibly a number of biological 
and pathological metabolic changes, hitherto totally obscure, could 
find their explanation. Sterols and bile acids in the animal or- 
ganism are derived from two stereochemically different structures 
related to each other as dihydrocholesterol is to coprosterol; 7.e., 
cis- and trans-decalin respectively (2). Allocholesterol, on hydro- 
venation in the presence of platinum, yields a mixture of dihydro- 
cholesterol and coprosterol, the composition of which appears to 
vary with the experimental conditions. Cholesterol, on the other 
hand, is converted by the same procedure exclusively into dihy- 
drocholesterol. | 

Immediately following the first description of allocholesterol, 
it was suggested that this substance might be the intermediary 
product in metabolism between cholesterol and coprosterol and the 
bile acids (3), and that in the animal organism allocholesterol and 
not cholesterol might be the sterol which upon being excreted into 
the intestine is reduced to coprosterol by bacteria. A study of 
allocholesterol could possibly throw light upon the origin of the 
bile acids. Cholie acid is stereochemically related to pseudo- 
cholestane (4), the hydrocarbon having the same configuration as 
coprosterol and not as dihydrocholesterol. It therefore seemed 
reasonable to think also of a biological relationship between the 
bile acids and allocholesterol and coprosterol (5). 


* This work was carried out with the aid of a grant from the Josiah Macy, 
Jr., Foundation. 
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The great instability of allocholesterol rendered it impossible, 
with existing methods, to ascertain its presence in the animal 
body. The procedures which have hitherto been employed for 
the isolation of sterols are such that a small amount of allocholes- 
terol would be converted into cholesterol. 

In order to isolate and identify small amounts of allocholesterol 
which might be present in organs, it was necessary to determine 
first of all its stability under varying conditions. It was found 
that allocholesterol is relatively stable provided higher tempera- 
tures and acid reaction are avoided. By rapid work in the isola- 
tion and analysis of the material, it is possible to recover allo- 
cholesterol which has been added to tissues. A modification of 
the Rosenheim trichloroacetic acid reaction (6), which is claimed 
to be characteristic for sterols containing a double bond in posi- 
tion 4-5, has been found suitable for the quantitative estimation 
of even small quantities of allocholesterol in the presence of chol- 
esterol. With this method no allocholesterol could be detected. 
As its sensitivity is very high, we can conclude that animal 
cholesterol contains not more than 1 per cent allocholesterol. 


EXPERIMENTAL 


Stability of Allocholesterol—The principal factors which induce 
the rapid conversion of allocholesterol into cholesterol are high 
temperature and acidity. Mere recrystallization from warm 
methyl] alcohol leads to the formation of a mixture of both sub- 
stances, observable by the depression of the melting point. Par- 
ticularly great is the influence of mineral acids. We have noticed 
that even hydrochloric acid fumes present in the air of the labora- 
tory affected the melting point of pure preparations. Allocholes- 
terol also appears to isomerize slowly without external influences. 
A preparation with a melting point of 117~had after a year and 
a half a melting point of 110°. Inasmuch as the acetate (7) is 
more stable, we kept our supply of material as the acetate. 

In the following studies on the presence of allocholesterol in the 
tissues we made use of the following properties of allocholesterol. 

Allocholesterol is stable in the presence of cold alkali, and shows 
no appreciable tendency to change into cholesterol under these 
conditions. Allocholesterol esters can therefore be saponified in 
the cold with methyl! alcoholic potassium hydroxide without iso- 
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merization. 0.5 gm. of allocholesterol acetate and 50 cc. of 2 - 
per cent methyl alcoholic KOH were allowed to stand in the cold 
for 24 hours. Small pieces of ice were then added to the solution; 
as they dissolved, crystals precipitated. These were filtered off, 
dissolved in cold acetone, and the solution evaporated to a small 
volume by suction. The allocholesterol which crystallized out 
(200 mg.) had a melting point of 116.5° and an optical rotation in 
chloroform of +10.8°. 

Allocholesterol, like cholesterol, is precipitated by digitonin, and 
it can be released from the digitonide in the cold with pyridine and 
ether, without isomerization taking place (8). 

Allocholesterol in the presence of platinum and hydrogen can 
be partly reduced to coprosterol (1), while cholesterol under the 
same conditions yields only dihydrocholesterol. A mixture of 
allocholesterol and cholesterol isolated from tissues would on reduc- 
tion yield at least small amounts of coprosterol in addition to 
dihydrocholesterol, resulting in a depression of the melting point 
of the more soluble fractions. Allocholesterol added to cholesterol 
ean be detected in this manner. 0.5 gm. of allocholesterol and 
1 gm. of pure cholesterol were shaken in amyl ether with platinum 
oxide and hydrogen until the Salkowski reaction disappeared. 
The product was fractionally erystallized from alcohol. The 
fourth fraction melted at 93°, a sign of the presence of coprosterol. 
When pure cholesterol was reduced, even the seventh fraction of 
the resulting dihydrocholesterol melted at 137°. 

Allocholesterol yields a color when treated with trichloroacetic 
acid in the cold. 

Attempt to Determine Presence of Allocholesterol in Tissues by 
Use of Catalytic Reduction—500 gm. of human liver were ground 
in a meat chopper, mixed with some pulverized sodium carbonate 
(to avoid an acid reaction), and pulverized with sodium sulfate. 
The dry powder was extracted in several portions with ice-cold 
ether (free of acid and peroxide). The ether was distilled off 
in vacuo at room temperature, and the residue was saponified in 
the cold with methyl alcoholic KOH for 24 hours. A preliminary 
attempt to reduce the crude ether extract without saponification 
failed, for the sterols appeared to be very resistant to reduction 
in the presence of neutral fats or fatty acids. The non-saponifiable 
fraction was therefore precipitated from an alcoholic solution with 
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excess digitonin, and the digitonide broken up with pyridine and 
ether in the cold. The sterols so obtained (1.8 gm.) were treated 
in cold amy! ether solution with platinum and hydrogen until the 
Salkowski reaction failed. ‘The crude reduction product, which 
melted at 137°, was separated into eight fractions by crystalliza- 
tion from ethyl and methyl alcohol. Only dihydrocholesterol was 
found, and there was no reason to believe that coprosterol was 
present even in the last fractions. The last fractions had to be 
purified once again by precipitation with digitonin. Apparently 
upon reduction some substances not precipitable with digitonin 
were formed, and these depressed the melting point. The melt- 
ing point of the last fraction was 135.5°. The same experiments 
were repeated on ten human adrenals and on 11 gm. of pulverized 
gallstones. Here too, no evidence could be obtained for the pres- 
ence of coprosterol after reduction. 

On the other hand, when allocholesterol was added to a fresh 
hash of adrenals, in an amount equal to about 25 to 50 per cent of 
the total sterol content of this tissue, a small fraction with a melt- 
ing point of 95° (not clearly defined) was obtained upon isolation 
and reduction of the sterols, indicating the presence of some 
coprosterol. 

Detection of Allocholesterol by Means of Rosenheim Trichloro- 
acetic Acid Reaction—With Rosenheim’s reaction (6), in which 
90 per cent trichloroacetic acid is used, allocholesterol gives a 
deep red color after a few minutes, ergosterol a dark blue color, 
while cholesterol gives the same color reaction as allocholesterol 
only after a much longer time or upon warming. ‘The color ob- 
tained with cholesterol is barely perceptible after an hour. During 
this length of time, on the other hand, the presence of even large 
amounts of cholesterol does not influence the color obtained with 
allocholesterol. 

We have studied a number of non-saponifiable fractions isolated 
in the above manner from tissues. The preparation of the sterols 
for investigation of allocholesterol must be made with great care, 
inasmuch as oxidation products of cholesterol give colors with 
trichloroacetic acid. When cholesterol or the non-saponifiable 
fraction of tissue is heated with exposure to air, the trichloroacetic 
acid reaction becomes strongly positive. 

In order to determine whether a color reaction was due to the 
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sterols themselves, or to other substances present in the non- 
saponifiable fraction, the sterols were precipitated with digitonin 
and the digitonides used directly for the color reaction. They 
were dissolved directly in cold 90 per cent trichloroacetic acid, 
without the addition of chloroform. Inasmuch as pure digi- 
tonin alone gives practically no color, the digitonides can be 
used as such. A mixture of 2 per cent allocholesterol digitonide 
and 98 per cent cholesterol digitonide was found still to give a 
definite allocholesterol reaction after an hour. 
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Fic. 1. Absorption spectra of allocholesterol and ergosterol dissolved in 
trichloroacetic acid. Curve 1, 1.87 mg. of allocholesterol digitonide in 5. 
cc. of 90 per cent trichloroacetic acid; Curve 2, 0.81 mg. of ergosterol in 5 
cc. of 90 per cent trichloroacetic acid. 


Many unsaponifiable fractions, however, contain substances nol 
precipitable with digitonin, which give a color reaction; these must 
be removed before the reaction is carried out. 

Ergosterol also gives a color reaction, but the color differs from 
that of allocholesterol. The amount of ergosterol-like sub- 
stan es in cholesterol which have been shown by other methods 
to be present in the animal organism is so slight that it could 
hardly interfere in our analyses. Moreover, the reaction with 
ergosterol is characterized by the presence of an absorption band 
at 495 my (Fig. 1) which is absent when only allocholesterol is 
present. 
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With the aid of this color reaction an attempt was made to 
make quantitative estimations of allocholesterol present in the 
tissue cholesterol. ‘The measurements were made in a Pulfrich 
step photometer with a wave-length of about 550 mu. Cholesterol 
digitonide after reacting for a long time with trichloroacetic acid 
gives the same color reaction; after an hour, however, the color 
with cholesterol still cannot be measured, and after 2 hours it is 
still about 150 times weaker than that of allocholesterol. 

Inasmuch as the maximum color for allocholesterol is developed 
in an hour, and this same color remains for at least 2 more hours, 
all readings on the digitonides were made after the trichloroacetic 
acid had reacted for an hour. 


TABLE I 
Recovery of Allocholesterol Added to Hashed Liver 
Without addition of allocholesterol 30 gm. of liver hash contained 96.0 
mg. of sterol. 


Allocholesterol in total sterol 
Weight of added allocholesterol re 
Found Calculated 

mq. per cent per cent 

Q 0) 0 

47 4.5 4.6 

9 7 10.0 9.2 
20.3 19.5 17.5 


Reference curves were prepared from mixtures of cholesterol 
and allocholesterol digitonides. The weighed mixtures (weight 
together 50 to 75 mg. of digitonide) were dissolved by rapid stir- 
ring into 10 ee. of 90 per cent trichloroacetic acid and measured 
afteran hour. By means of these referencg curves it is possible to 
estimate allocholesterol in cholesterol in concentrations as low as 
1 to 2 per cent. With higher concentrations, the precision is 
materially increased. 

In order to test the reliability of the method, definite amounts 
of allocholesterol in powdered form were added to samples of 30 gm. 
of liver hash (Table I). The hash was mixed with some sodium 
carbonate and sufficient neutral sodium sulfate, and the dried 
powder extracted with cold pure ether. The ether was evaporated 
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off in the cold; the residue saponified in the cold with methyl 
alcoholic KOH, and the total sterols precipitated with digitonin 
after separation of the non-saponifiable fraction. The dried digi- 
tonides were used for the reaction. 

In most of the tissues allocholesterol could not be found with 
certainty by this method. The absorption at 550 my was so weak 
that if allocholesterol was present, it must have been in amounts 
less than 1 per cent. Only the digitonide from hen’s eggs gave a 
distinetly red color of an intensity which indicated the presence 
of about 1 per cent of allocholesterol. The speetrographic picture 
showed the same spectrum as is given by allocholesterol. Whether 
the effeet is really due to allocholesterol has, however, not yet been 
ascertained. 


SUMMARY 


The properties of allocholesterol have been studied more closely, 
and a method is described with which it is possible to estimate this 
extremely labile substance even when it is present in amounts 
as low as | to 2 per cent in admixture with cholesterol. Amounts 
of allocholesterol added to tissue could be recovered. It has been 
shown that, in general, animal sterol contains no detectable 
amounts of allocholesterol. The sterols from hen’s eggs give a 
color reaction similar to that from a mixture of 1 per cent allo- 
cholesterol and 99 per cent cholesterol. 
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It has been shown (1) that a specificity exists in the absorption 
of sterols from the intestine, which is related to the chemical con- 
stitution of the sterol. While cholesterol is readily absorbable, 
derivatives of cholesterol, in which the molecule has undergone 
only minor alterations, are absorbed only slightly, or not at all, 
through the intestine. From mixtures of cholesterol and other 
sterols which, partly because of their similar physical and chemical 
properties, cannot be separated by chemical means, the body ab- | 
sorbs only cholesterol. In the case of cholesterol, the saturation 
of the double bond (dihydrocholesterol, or coprosterol) is sufficient 
to make it almost entirely unabsorbable (2). Of especial bio- 
logical interest is the fact that the plant sterols, which are very 
similar to cholesterol, are practically unabsorbable (3), and also 
that unirradiated ergosterol is very difficultly absorbed through 
the intestinal wall (4-6), while the irradiated form (vitamin D) 
is relatively easily absorbed. 

Of special interest is the question of the absorbability of allo- 
cholesterol, inasmuch as this substance, of all known sterols, struc- 
turally most closely resembles cholesterol. Allocholesterol differs 
from cholesterol only in the shift of the double bond from position 
5-6 to position 4-5 (7). In allocholesterol, therefore, almost 
all of the characteristics of cholesterol are retained, and it is 
impossible to separate the two substances from each other chemi- 
cally. In earlier experiments of Schoenheimer, von Behring, and 
Hummel (1) it was found that following the feeding of allocholes- 

* This work was carried out with the aid of a grant from the Josiah Macy, 
Jr., Foundation. 
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terol, the total sterol content of mice increased, in an amount 
eomparable to what would have been expected if pure cholesterol 
had been fed. The proof, however, that it was a deposition of 
allocholesterol or of cholesterol was not possible at the time. 
Inasmuch as allocholesterol is very unstable (8) and is very readily 
changed by acid to cholesterol, the possibility remained that the 
allocholesterol which had been fed was converted into cholesterol 
by the acid of the gastric juice, and only after this isomerization 
was absorbed by the lower intestine in the form of cholesterol. 

The newly evolved method for the determination of small 
amounts of allocholesterol in the presence of cholesterol (see the 
preceding paper) tempted us to repeat the animal experiments 
and to work them out in greater detail. It was again found that 
after the feeding of allocholesterol, the total sterol content of 
mice is increased, but that allocholesterol itself is not present in 
the tissues at all, or in only barely detectable traces in the stored 
sterols. The same result was also obtained with the eggs of laying 
hens, animals especially suited to experiments for studying the 
absorption of sterols (5,6) because of their appreciable cholesterol 
metabolism. In these experiments, however, hardly any absorp- 
tion of allocholesterol was observed. A dog with a fistula of the 
thoracic duct, when fed allocholesterol, showed only minute quan- 
tities of allocholesterol in the lymphatic duct. 

EXPERIMENTAL 


Storage Experiments with Mice—In each experiment there were 
seven groups consisting of four to five healthy adult animals. Two 
groups without any addition of sterol and two groups with addi- 
tion of cholesterol were used as controls. All animals received 
dried, finely ground bread plus 7 per cent lard. The sterols were 
mixed with the lard and the bread. The foed was not heated. 
The feeding period lasted 14 to 15 days. In order to facilitate 
the absorption of the sterols 5 mg. of glycocholic acid were added 
daily to the ration of each mouse (9). 

Before determining the sterols, the fur of each mouse was care- 
fully cleaned with alcohol and ether, and the alimentary canal 
from esophagus to anus was removed without being opened. The 
animals, finely cut up, were shaken in 25 per cent sodium hydroxide 
in the eold until all except the bones was dissolved. The alkaline 
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solution was extracted with ether, and the ether extract was saponi- 
fied in the cold with 10 per cent methyl! alcoholic potassium hy- 
droxide. After extraction of the non-saponifiable fraction, the 
sterol was precipitated in ethyl aleohol with digitonin. 

The determination of the allocholesterol was carried out on the 
dried digitonides. In the entire working up of the material acid 
reactions and heat were avoided. The analysis and evaluations 
were made according to the method described in the previous 
paper (Table I). 

In confirmation of the results obtained by Schoenheimer, von 
Behring, and Hummel (1) it could be shown that in mice fed allo- 


TABLE I 
Mice Fed Cholesterol and Allocholesterol 
: Sterol fed Allocholes- 
NO. nim r 
| Cholesterol | Allocho- sterol 
gm. days mg. mg. per cent 
| 4 62 14 0) 0) 0 
2 4 62 15 0 0) 0 
3 4 64 14 700 0 0 
4 5 86 15 750 0) 0 
5 5 88 14 0 750 Ca. 3 
6 5 90 | 15 0) 700 oe 
7 4 76 | 15 0) 700 et 


cholesterol, the total sterol content increased exactly as though 
cholesterol had been fed. 

The intestinal contents of the mice from Groups 6 and 7 were 
pooled, and the allocholesterol content of the sterols isolated was 
determined. The total sterols contained approximately 21 per 
cent allocholesterol. Although this much allocholesterol was 
present in the intestine, only traces of allocholesterol could be 
detected in the body. 

Feeding Experiments with Laying Hens —In this experiment six 
Italian laying hens were used, half of which were kept as controls. 
The diet consisted of grain and meat powder. The experimental 
animals received daily in addition 100 mg. of allocholesterol added 
to the meat powder. The animals laid their eggs regularly. Only 
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those eggs which were laid after a 14 day feeding period were used 
for analysis, inasmuch as the eggs were to develop during the 
time that the allocholesterol was being given. 

For analysis, only the yolks were used. Each time two eggs 
which were laid successively were pooled for analysis. The yolk 
was mixed with sodium sulfate and the dried powder was extracted 
in the cold with acid and peroxide-free ether. Saponification, 
working up of the material, and analysis were carried out in the 
same manner as with the mice experiments. In these experiments 
no increase in the color reaction could be observed in the sterol 
from the animals fed allocholesterol. 

Absorption Experiment with a Fistula of the Thoracic Duct— 
Under amytal anesthesia a rubber tube was placed in the duode- 
num of a 12 kilo dog, and an emulsion of 20 gm. of olive oil, 5 gm. 
of lecithin, and 2 gm. of allocholesterol was given through the tube. 
Immediately after this feeding, a fistula of the thoracic duct was 
established. The milky appearance of the lymph was a sign of 
the absorption of fat. The lymph was collected for 6 hours. 
60 cc. contained 0.89 gm. of.sterols. The digitonides gave a color 
reaction which indicated a 2 to 3 per cent allocholesterol content. 
The digitonide was split in the cold with pyridine and ether, and 
the sterol was recrystallized from acetone in the cold; m.p. 147°. 


SUMMARY 


Absorption experiments on mice, hens, and one dog are de- 
scribed, allocholesterol being used. Ingested allocholesterol is 
partly changed to cholesterol in the stomach. Cholesterol is read- 
ily absorbed, while allocholesterol is not absorbed in the alimentary 
tract for the most part. Even after an extended feeding period, 
only a trace of allocholesterol is found in the tissues of mice. 
The eggs of hens which were fed allocholesterol during the laying 
period contained no detectable amount of allocholesterol. The 
lymph from the thoracic duct of a dog to which allocholesterol 
was given directly into the duodenum (to avoid any contact with 
the acid stomach content) showed only small traces of allocholes- 
terol. This difference in behavior of allocholesterol from choles- 
terol shows that merely shifting the double bond from position 
5-6 to position 4-5 affects the absorbability. 
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THYROGLOBULIN STUDIES 


I. THE THYROXINE AND IODINE CONTENT OF NORMAL AND 
GOITROUS HUMAN THYROGLOBULIN 


By J. W. CAVETT, CARL O. RICE, anno J. F. MCCLENDON 


(From the Laboratory of Physiological Chemistry and the Department of 
Surgery, University of Minnesota, Minneapolis) 


(Received for publication, May 4, 1935) 


Only a few natural proteins containing iodine have been iso- 
lated—thyroglobulin from vertebrates, gorgonin from gorgonians 
(sea-fans, erroneously called corals), and spongin from the horny 
sponge. Dried Laminaria (seaweed) may contain 0.5 per cent 
iodine but no pure iodized protein has been isolated from it, 
although Toryu (1) found 5 per cent of the iodine in the protein 
fraction. 

From the work of Abelin (2), Wilson and Kendall (3), Prescott 
(4), and others it appears that the hyperplastic thyroid is low in 
thyroid hormone. Lunde and Wiilfert (5) found that this still 
holds for patients treated with Lugol’s solution. Gutman and 
collaborators (6) analyzed thirteen “thyroglobulin preparations”’ 
from patients with iodized toxic goiter and found low average 
values of total iodine, 0.126 to 0.579 per cent, and thyroxine 
iodine, 0.026 to 0.171 per cent. The other analyses were of 
whole thyroid glands. Their observations on the effect of Lugol’s 
solution administration on iodine partition in the thyroids might 
be due to increase in percentage of thyroglobulin (Marine showed 
that colloid increased on iodine administration) or as they con- 
clude, improvement in the thyroglobulin toward normal values. 

The impurities in thyroglobulin preparations are mainly am- 
monium sulfate, nucleoprotein, and fat. The thyroglobulin is in 
the colloid of the thyroid gland and probably is not mixed with 
nucleoprotein in normal glands, but destruction of the cells may 
liberate nucleoprotein that would contaminate the thyroglobulin. 
For that reason Cavett and Seljeskog (7) did not grind but merely 
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froze and sliced thyroids. Fat precipitates with the thyroglobulin, 
but they showed that it is completely removed if thyroglobulin 
is precipitated with acetone and extracted in a Soxhlet apparatus 
with pure ether, and if metallic sodium is placed in the flask the 
thyroglobulin is not denatured. 

Heidelberger and Palmer (8) did not on the average free their 
thyroglobulin as completely of nucleoprotein as Cavett and Sel- 
jeskog according to their own critique (P content), even though 
they made a special effort to remove nucleoprotein by precipita- 
tion of the nucleoprotein at its isoelectric point. 


EXPERIMENTAL 


Hog thyroglobulin precipitated with ammonium sulfate con- 
tained 0.51 per cent iodine, but, if dissolved in water, precipitated 
with acetone, and extracted 20 hours in a Soxhlet apparatus with 
anhydrous ether, it contained 0.654 per cent iodine. If this was 
redissolved in water, precipitated with acetone, and extracted 
with ether, it contained 0.693 per cent iodine. When this process 
was performed the third time, it contained 0.696 per cent iodine, 
and if performed the fourth time, it contained 0.697 per cent 
iodine. The increase in the percentage of iodine ts due to the re- 
moval of fat. This method, therefore, has been used on the human 
thyroids. If nucleoprotein is in very low concentration at the 
beginning (when sliced and not ground thyroids are used), it is 
removed by repeated solution of the thyroglobulin in water and 
precipitation with ammonium sulfate between the limits of 35 
and 45 per cent saturation, as shown by the phosphorus analyses. 
Data on a large number of preparations of human thyroglobulin 
were plotted with the per cent of phosphorus on the abscissa and 
number of samples on the ordinate. A very sharply peaked curve 
resulted, the peak being at about 0.02 per tent phosphorus and 
sloping off rapidly to 0.016 per cent phosphorus on the low side. 
There is almost as steep a drop on the high side except for a few 
scattered samples with higher phosphorus content, which cer- 
tainly can be regarded as impure. Out of thirty-three prepara- 
tions nineteen had a phosphorus content between 0.01 and 0.03 
per cent and only fourteen were outside this range. It seems 
probable, therefore, that about 0.02 per cent of the phosphorus 
is contained in the thyroglobulin and that larger amounts of 
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phosphorus show an admixture of nucleoprotein. There is no 
proof that thyroglobulin contains phosphorus but no one has ob- 
tained a preparation free from tt. 

Material Obtained during Autopsy——A suitable sample of thy- 
roglobulin could not be isolated and purified if less than 50 gm. of 
thyroid gland were used. Since the glands obtained during au- 
topsy ranged in weight from 15 to 40 gm., it was necessary to use 
several glands for a sample. The glands referred to in Group I, 
Table I, were classed according to the size of their acini. Several 
of the glands were from persons who had been painted with tine- 
ture of iodine only a few days before the autopsy. This would 
possibly increase the iodine content of these glands. It appeared 


TaBLeE II 
Iodine Content of Thyroglobulin from Colloid Gotters 
Weight of gland, gm................ 455 70 125 230 160 
Per cent thyroxine......... 0.0046; 0.0061) 0.0092) 0.105 0.0734 
Per cent total iodine....... 0.031 | 0.023 | 0.03 0.045 0.088 


Thyroxine iodine 
Total iodine 

Basal metabolic rate....... +2 —3 +2 +12 +12 

Per cent phosphorus....... 0.032 | 0.017 | 0.048 0.029 0.019 


0.11 0.17 0.21 0.16 0.54 


that there was no correlation between the iodine and thyroxine 
content and the size of the acini. 

The data given under Group II, Table I, are from thyroglobulin 
of glands obtained during autopsy of cases in which there had been 
a normal diet and no iodine medication or contact. The thyro- 
globulin from the glands with small acini gave total and thyroxine 
iodine values identical with those obtained from glands with 
large acini. 

In Group III, glands from autopsies of cases which had been 
painted with iodine several weeks before death show the same 
values as those of Group II, indicating that if the high total 
iodine values in Group I are due to the inclusion of glands from 
cases painted with iodine, that the excess iodine does not remain 
in the gland for a very long period. 

Group IV consists of two glands weighing 60 gm. each, obtained 
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at autopsies of individuals who had no clinical history of thyroid 
disturbance. 

Material from Cases of Thyroidectomy—The remainder of Table 
I includes data showing the total iodine and thyroxine iodine 
content of the thyroglobulin isolated from three types of goiters. 
The data given under captions “Colloid,” ‘““Adenoma,”’ and ‘“Ex- 
ophthalmic” are from samples of thyroglobulin prepared from 
several glands of each type. If the exophthalmic glands are sub- 
divided into four groups according to their degree of hypertrophy, 
no significant differences are shown in thyroxine iodine and total 
iodine content of the thyroglobulin. 


1 2 2-3 3 4 
0.31 | 0.27 | 0.3 0.269 | 0.32 
0.084 | 0.116 | 0.115 | 0.143 | 0.113 


In Tables II to IV each sample of thyroglobulin was isolated 
from a single gland. Analytical values of thyroglobulin from five 
simple colloid goiters from individuals who had received no iodine 
medication, and when basal metabolic rates were within 12 per cent 
of the normal mean, are given in Table II. Table III includes 
data on the thyroglobulin from ten toxic adenomatous glands. 
Glands 1, 4, 5, and 7 to 9 had calcified areas. All cases except 
the patient from whom Gland J was obtained had received daily 
200 to 400 mg. of iodine as Lugol’s solution. Table IV presents 
data obtained on thyroglobulin from hyperplastic glands -(ex- 
ophthalmic goiter) from patients who had received Lugol’s solu- 
tion. Gland 3 is the right lobe, and Gland 8 is the left lobe from 
the same individual, removed 81 days later. Glands 1 and 2 con- 
sist of one lobe each, the other lobe having been removed 2 months 
previously. 

After removal of a small piece for microscopic examination the 
glands were immediately frozen. The glands obtained at autopsy 
were grouped. with reference to the size of their acini. Those 
having weights above 40 gm. or any history of thyroid disturbance 
were excluded, except two large glands weighing 60 gm. each. 
The glands from the thyroidectomized individuals were classed 
as colloidal, adenomatous (toxic), and hyperplastic (exophthalmic 
goiter). In later work the thyroglobulin was isolated from each 
gland separately. 
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The thyroglobin was isolated and purified by the method of 
Cavett and Seljeskog. The frozen glands were sliced and ex- 
tracted overnight with 1 per cent sodium chloride solution. The 
extract was filtered, the pH adjusted to 7.4, and fractionally 
precipitated with ammonium sulfate. The fraction which precipi- 
tated from 35 to 45 per cent saturation was retained. Lipids 
were removed by precipitation of the thyroglobulin at —5° with 
acetone and 40 hours extraction in a Soxhlet apparatus with ether 
freshly distilled from sodium bisulfite. It was necessary to re- 
dissolve the protein and repeat the above precipitation and ex- 
traction to remove all of the lipids. The thyroglobulin was 
dissolved in water, heat-coagulated, and washed; a negative test 
with Nessler’s reagent showed complete removal of ammonium 
sulfate. The protein was dried on a steam bath. 

All iodine determinations were made by the McClendon closed 
tube combustion method. 

The thyroxine iodine was determined by a modification of the 
Harington and Randall method (9). 0.2 gm. of thyroglobulin 
was placed in a 12 cc. round bottom centrifuge tube, and 2 ce. 
of normal sodium hydroxide added. A small reflux condenser 
was placed in the mouth of the tube and the thyroglobulin digested 
on a sand bath for 5 hours. The solution was made slightly acid 
to Congo red with 50 per cent sulfuric acid and allowed to stand 
24 hours for the thyroxine to precipitate. It was centrifuged 
and washed three times with water made acid to Congo red. The 
precipitate was dissolved in NaOH solution, transferred to a 
nickel boat, evaporated slowly nearly to dryness, and the iodine 
determined. 


DISCUSSION 


It appears from the data presented that abut one-half of the 
iodine present in thyroglobulin, obtained at autopsy from glands 
of individuals who have received no iodine medication, is present 
in thyroxine (about 0.4 per cent of iodine and about 0.2 per cent 
of thyroxine iodine). Two exceptional iodine values of 0.52 and 
0.57 total iodine are possibly due to the presence of glands from 
individuals who had been painted with tincture of iodine 2 or 3 
days before the glands were obtained at autopsy. The data of 
Group III (Table I) show, however. that if the iodine is increased 
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in that manner it returns to its normal value in a week or so. The 
thyroglobulin from the two large glands contains only one-half 
the percentage of iodine and thyroxine in that obtained from the 
small glands. These low iodine values show that although these 
glands appear normal histologically the thyroglobulin analysis 
confirms the gross examination that the glands are gozters. The 
simple colloidal goiters, all of which had received no iodine medica- 
tion, yielded thyroglobulin which contained only 8 to 22 per cent 
as much iodine as the material obtained at autopsy and, with one 
exception, only one-third as much of this iodine was present in 
thyroxine. 

One adenomatous gland in which no iodine medication had been 
used yielded thyroglobulin as low in iodine content as from the 
colloidal goiters. When 30 drops of Lugol’s solution had been 
received, a slightly higher iodine content was present. Of the 
eight thyroglobulins obtained from individuals who had received 
Lugol’s solution 8 to 49 days, only two had an iodine content as 
high as that from the material obtained on autopsy. In no in- 
stance was the amount of thyroxine as great and in most cases it 
was less than one-third that in the thyroglobulin from autopsies. 
Iodine medication appears to increase both the total iodine and 
thyroxine content to a certain limit but after this is reached there 
seems to be no correlation between the amount of iodine medica- 
tion received and the thyroxine content of the thyroglobulin (or 
the basal metabolic rate of the individual). 

All cases of exophthalmie goiter (Table IV) had received Lugol’s 
solution from 2 to 120 days. There appears to be no correlation 
between the amount of iodine received and the total iodine or 
thyroxine content of the thyroglobulin. The case receiving the 
greatest amount of iodine gave a thyroglobulin with the least. 
iodine percentage, while the thyroglobulin of the one that received 
iodine for only 2 days contained the greatest iodine percentage. 

The basal metabolic rates before iodine medication ranged from 
+41 to +100 per cent, while after medication they ranged from 
+14 to +66 per cent. The case from which Gland 1 was ob- 
tained had a rate of +51 per cent before iodine medication was 
started. This rate dropped with iodine medication to +31 per 
cent when the first lobe of gland was removed but had increased 
to +66 per cent when the second lobe, from which the thyroglob- 
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ulin was obtained, was removed. This thyroglobulin was very 
low in both thyroxine and total iodine content. Likewise, the 
basal metabolic rate of the individual from whom Gland 2 was 
obtained dropped with iodine medication from +61 to +35 per 
cent, at which time one lobe was removed. The rate then in- 
creased to +45 per cent, when the second lobe (from which the 
sample was obtained) was removed. The thyroglobulin from this 
lobe was very low in thyroxine but contained a normal amount 
of total iodine. Gland 3 (the right lobe) was obtained from a 
case which had had a basal metabolic rate of +52 but which with 
iodine medication decreased to +24 at the time this lobe was 
removed. The iodine treatment continuing, the rate had re- 
turned to +54 81 days later, when the left lobe was removed. 
The thyroglobulin from this left lobe (Gland 8) contained nearly 
the same amount of thyroxine and total iodine as that of material 
obtained at autopsy, from cases which had received no iodine 
medication, whereas that from the right lobe was deficient in 
both thyroxine and total iodine. 

Gland 5 was obtained from an individual who had a basal 
metabolic rate of +100 and pulse rate of 140. The case was 
given 2 grains of dessicated thyroid per day for 5 weeks and the 
metabolic rate reduced steadily until it was +41 and pulse rate 
94. At this time the case was hospitalized and Lugol’s solution 
given for 12 days. The basal metabolic rate was further reduced 
to +35 and the individual operated upon. More of the iodine in 
this thyroglobulin was present as thyroxine than in other samples 
having similar total iodine content. 

The basal metabolic rate is reduced with iodine medication but 
there appears to be no correlation between the amount of reduc- 
tion and iodine received. With the exception of one case (lobes of 
gland, Nos. 3 and 8), the data seem to show, however, that the high- 
est metabolic rates were present when the thyroglobulin contained 
the least thyroxine. The only basal metabolic rate obtained in 
the case of Gland 9 was before any iodine had been received, then 
0.4 gm. of iodine was given in 2 days and seems to have been 
enough to increase the total iodine and thyroxine of the thyro- 
globulin nearly to that of the material obtained at autopsy. 

Considering all data obtained on the thyroglobulin from goiters, 
it appears that the iodine content is usually low even though iodine 
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is given; also that the thyroxine content is reduced even more 
than the total iodine. 


SUMMARY 


Thyroglobulin from goiters contains less thyroxine and non- 
thyroxine iodine (diiodotyrosine) than thyroglobulin from normal 
human thyroids. This is not due to splitting off of iodine in the 
purification, because the percentage of iodine increased as the puri- 
fication proceeded, nor to admixture of non-iodized impurities 
(nucleoprotein), as the phosphorus content was low and fairly 
constant, —0.02 per cent. Therefore, goiter is associated with 
abnormal thyroglobulin. Judged from thyroglobulin there is only 
one type of goiter and the great difference in goiter types should be 
sought elsewhere than in thyroglobulin. 

The basal metabolic rate of the individual had no relation to the 
thyroxine content of the thyroglobulin from colloid goiter and 
adenomatous glands; but for the exophthalmic glands the general 
trend was for the basal metabolic rate to be highest when the 
thyroglobulin contained the least thyroxine (10). 
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THE DETERMINATION OF IRON IN BIOLOGICAL 
MATERIALS 


By GEORGE E. FARRAR, Jr. 


(From the Thomas Henry Simpson Memorial Institute for Medical Research, 
University of Michigan, Ann Arbor) 


(Received for publication, May 22, 1935) 


Incident to a study of hemoglobin regeneration in the chronic, 
hemorrhagic anemia of dogs in this laboratory, the analysis for 
iron in biological materials became necessary. The difficulty 
experienced in such iron estimations has been reported by many 
authors. The variable and contradictory observations in the 
older literature and the multiplicity of complicated methods advo- 
cated for iron analysis emphasize these difficulties. The experi- 
ence in this laboratory has been no exception to this discouraging 
record. At this stage of the study in 1934 Dr. C. A. Elvehjem 
of the University of Wisconsin kindly agreed to demonstrate the 
analytical method employed in his laboratory. The method of 
Elvehjem, which is similar in principle to those of Stugart (11) 
and Winter (12), has not been previously described in detail. 
After a thorough trial it has been found very satisfactory. It is 
worth while, therefore, to describe this analytical procedure, to 
point out details in the method whose careful observance has been 
found important, and to record the pitfalls experienced in some 
other methods. | 

It is often stated that dry ignition of biological materials for 
iron analyses yields erroneous results. The wet ash method with 
sulfuric and nitric acids introduces a variable amount of iron 
arising from the traces of iron remaining in the purest samples 
of these acids. The factors effecting loss of iron during dry igni- 
tion have been studied and the method in use in Elvehjem’s! 
laboratory of eliminating this error has proved satisfactory. 

Stugart (11) and Starkenstein (10) have reviewed the history 
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of the analytical methods for iron in biological materials. The 
earlier methods described by Elvehjem and Hart (2, 4) and those 
described by Lintzel (8), Hanzal (6), and Hill (7) have also been 
tested. 


EXPERIMENTAL 


Reagents | 

Water. Redistilled in a Pyrex glass apparatus. (Used in all 
procedures. ) 

Hydrochloric acid. c.p., redistilled in a Pyrex glass apparatus. 
Specific gravity, 1.145. 

Potassium thiocyanate. Merck. A filtered 20 per cent solu- 
tion (20 gm. per 100 ce. of solution). 

Isoamyl alcohol. Baker, A.C.S. standard. 

Nitric acid. Mallinckrodt Reagent quality. 

Ferrous ammonium sulfate (FeSO,(NH,)2S0O,-6H2O). Baker. 
Weigh accurately 0.7 gm. of crystals which have been twice recrys- 
tallized from water and dried in an ordinary desiccator over calcium 
chloride. Dissolve in water and transfer to a 1 liter volumetric 
flask containing 5 cc. of concentrated sulfuric acid. Oxidation 
with potassium permanganate is unnecessary. Dilute to the 
1 liter mark. 1 cc. contains 0.1 mg. of iron. 

Calcium carbonate. Dissolve calcium hydroxide in dilute hy- 
drochloric acid, filter, add the amount of sulfuric acid necessary 
to precipitate calcium sulfate, filter, wash with dilute sulfuric acid. 
Dissolve in dilute hydrochloric acid and reprecipitate with sulfuric 
acid. Finally, wash the calcium sulfate precipitate with water 
and digest it just below the boiling point for 2 hours with the calcu- 
lated amount of the saturated solution of a twice reprecipitated 
sample of sodium carbonate. Filter. Dry in an oven at 110°. 

Glassware. Pyrex. When not in use keep glassware and corks 
immersed in 10 per cent hydrochloric acid. A Duboscq colorimeter 
was used. 

Crucibles. Quartz beakers have been used routinely. Plati- 
num is the most desirable. Porcelain crucibles, from which the 
glaze has been removed by ignition with sodium acetate, as recom- 
mended by Elvehjem and Lindow (3), are satisfactory, if great 
care is exercised in removing all of the glaze and if they are kept 
for several weeks in 10 per cent hydrochloric acid before being used. 
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Methods 


The method of Elvehjem! used in this laboratory is as follows: 
Dry an accurately weighed sample in an oven at 105°. Dust 
materials of glandular or muscular nature with 1 gm. of finely 
divided iron-free calcium carbonate. Ignite in an electric mufle 
furnace at a dull red heat until a white or slightly gray ash results. 
If the ash remains dark or contains black particles after 8 to 12 
hours ignition, dissolve in dilute hydrochloric acid, filter through 
an ash-free filter paper into an Erlenmeyer flask, wash the insoluble 
residue on the filter paper thoroughly to remove chloride ions, dry, 
and return to the furnace for the short time necessary to produce 
a complete ash. In the case of homogeneous materials, such as 
milk, samples containing 0.01 to 0.02 mg. of iron may be employed. 
Non-homogeneous materials, of course, require larger samples 
from solutions of which aliquots containing approximately 0.01 mg. 
may be taken. 

Add to the ash 4 ce. of hydrochloric acid plus an additional 
amount equivalent to any calcium carbonate that may have been 
previously added, warm, add 10 cc. of water, heat to boiling, allow 
to stand overnight, then rinse into an Erlenmeyer flask. If the 
ash contains more than 0.01 mg. of iron, transfer the solution to 
a volumetric flask. Use a suitable aliquot and add 4 ce. of hydro- 
chloric acid. The important point is to have approximately 4 cc. 
of hydrochloric acid in the solution for the following hydrolysis. 
Add water to a volume of about 200 cc. and boil the solution for 
at least 30 minutes until concentrated to a volume of about 10 ec. 
While the solution is still hot, add 1 drop of concentrated nitric 
acid, cool, transfer to a large test-tube, rinsing the flask until a 
volume of about 25 ce. is reached. Add 5 cc. of 20 per cent potas- 
sium thiocyanate and 5 cc. of isoamyl alcohol. Stopper with a 
cork? which has been extracted with 10 per cent hydrochloric acid 
for several weeks. Mix gently until the aqueous phase shows no 
color when viewed against a white background. 

For the colorimetric standard solution place an amount of stand- 
ard iron solution containing 0.01 mg. of iron in a large test-tube. 
Add 2 cc. of hydrochloric acid,’ heat to boiling, add 1 drop of 


* Glass-stoppered tubes would be desirable. = 
34 cc. of hydrochloric acid are used for the unknown because experience 
has shown that half of the acid is lost during the hydrolysis. 
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concentrated nitric acid, cool, dilute to a volume of about 25 ce. 
Add thiocyanate and amyl alcohol and mix as described for the 
unknown. ‘Transfer the amyl alcohol phase to the colorimeter 
cup by means of a pipette. 

For the sake of brevity only the essential features of the other 
methods studied will be described in connection with the discussion 
of the results of each method. 


Results 


The analytical method proposed by Elvehjem and Hart (2), 
in 1926, has been used successfully by Miss Kyer in this laboratory, 
The time-consuming phosphate separation has been discarded by 
these authors! because such a separation has been recognized as 
unnecessary. In 1930 Elvehjem (4) reported that boiling a solu- 
tion of the ash, of a substance of high phosphorus content, with 
sodium hydroxide eliminated the yellow fading of the ferric thio- 
cyanate color. As pointed out by Stugart (11) iron is introduced 
in the sodium hydroxide used in this method. Table I shows 
results in which a correction for the amount of this contamination 
has been made. These findings compare favorably with those of 
the other methods. However, when the iron content is very low, 
in milk for instance, the amount of the blank approaches the 
amount of the unknown iron present. Further, the concentration 
of phosphates may be so high that hydrolysis is incomplete and 
yellow fading occurs in the thiocyanate color. 

The method proposed by Hanzal (6) involves precipitation of 
the iron from the acid solution of the ash with cupferron, solution 
and complete oxidation of this precipitate by heating with sulfuric 
acid and hydrogen peroxide, and development of a purple color 
with thioglycolic acid and ammonium hydroxide. The sample of 
cupferron obtained in this laboratory did*not give quantitative 
iron precipitation when the amount of a 9 per cent solution speci- 
fied by Hanzal was employed. If this amount of cupferron was 
increased 4 times, quantitative recovery occurred (Table I). 
Hanzal’s use of the thioglycolic acid method for blood iron has 
given accurate results. As Burmeister (1) has reported, this blood 
iron method is much easier to carry out and less liable to error 
than Wong’s (13) method. 

Lintzel (8) has made a very careful study of the methods of 
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TABLE 
Representative Analyses by Various Methods Expressed As Mg. of Iron per 100 
Gm. (Feces Based on Dry Weight) 
All analyses were performed in triplicate. The recovery of iron added to 
one sample is expressed in per cent. 


, Method of 
Lintsel (3) | Hansel (6) 
Material 
> 
= 
mg. mq. mg 
per per per per per per per per 
100 | cent| 100 |cent | 100 | cent| 100 | cent 
gm gm. gm. gm 
Bread S (Whipple, dog)* 1 | 4.0 | 105) 4.0 
2 | 1.85) 102) 1.9 | 107) 1.9 1.8 | 102 
3 | 6.9 | 103) 7.0 | 96 
4 | 3.7 | 103) 3.6} 92) 3.8 | 102) 3.7 | 98 
Casein (Lister) 4.33) 98) 4.4 4.3 
Cowgill’s dog rationt 1 2.3 
2 | 2.1 | 107 
Liver, beef, raw, frozen 6.1 | 102 6.1 
Milk, whole 0.05} 100 0.05} 100 
Cream 40% 0.1 | 101 0.11 
Bread, whole wheat 1.8 1.8 | 99 
Shredded Wheat Biscuit 4.0 4.0 | 103 
Butter 0.19 0.19 
Jelly, grape 0.9} 96 1.0 
Cheese, Cheddar 0.8 
Grapefruit, can 0.7 0.7 | 105 
Urine, male F 0.03) 99 0.02; 100 0.03) 96 
W 0.03) 105; 0.03) 101 
Blood, whole ” 56.3 | 104 
Feces, dry W-1 |19.5 19.4} 10119.5 | 9519.3 
W-3 (21.0 | 97 21.1 ; 104/21.0 | 94 
j|35.2| 92 35.0 | 98 


* Whipple, G. H., and Robscheit-Robbins, F. 8., Am. J. Physiol., 92, 


362 (1930). 
t Cowgill, G. R., J. Biol. Chem., 56, 725 (1923). 


chemical analysis of iron. He developed a thiocyanate method 
of which the essential features are: production of a wet ash, sepa- 
ration of the iron with ammonium sulfide, and elimination of the 
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alkaline earth phosphates by precipitating the iron at about pH 3 
in acetic acid solution as ferric phosphate. Lintzel tested this 
method on a combination of inorganic salts approximating the 
composition of a urine ash. A similar test with monocalcium 
phosphate and added iron has confirmed the accuracy of this 
method. Table I shows satisfactory comparative analyses with 
Lintzel’s method. However, this method was abandoned because 
of the prolonged manipulations, the large number of reagents used, 


TaBLeE II 
Recovery of Iron from Standard Solutions 
The method described in this paper was used. 


Material Sample No. Iron present Iron found Recovery 
mg. mg. per cent 
Iron wire A 0.009 0.00925 103 
0.0045 0.00473 105 
B 0.01 0.0103 103 
0.01 0.01 100 
0.01 0.0098 98 
B-1 0.01 0.0096 96 
0.005 0.0051 102 
B-2 0.01 0.01 100 
Ferrous ammonium C 0.01 0.0096 96 
sulfate 0.01 0.01 100 
S-1 0.014 0.0133 95 
0.0114 0.011 96 
0.017 0.016 94 
0.014 0.014 100 
S-2 0.013 0.0137 105 


and the care required in forming and handling the ferric phosphate 
precipitate. 

Both Winter (12) and Stugart (11), in 1931, reported similar 
observations concerning the conditions required for complete ferric 
thiocyanate color development. In 1932 Fraps and Fudge (5) 
confirmed the accuracy of the method outlined by Winter. 
Table II presents a study with standard solutions and Table I 
records analyses of various materials with the method described 
in this paper. In Table II the recovery of the expected amounts 
of iron varies from 94 per cent to 105 per cent which at this level 


— 
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means a variation from 0.0095 mg. to 0.0105 mg. or 0.001 mg. 
Hence, when the aliquot portion is one one hundredth of the 
total, which is a common dilution, the variation of the method be- 
comes +0.1 mg. 


DISCUSSION 


The details of the method of Elvehjem may be discussed under 
several headings. 

Ignition of Sample—Since ferric chloride is volatile above 110°, 
loss of iron during ignition is possible. Two standard iron solu- 
tions, one'made from iron wire in hydrochloric acid solution, the 
other from ferrous ammonium sulfate in sulfuric acid solution, 


TaBLeE III 
Comparison of Ashing Methods, by Analytical Procedure Described in This 
Paper 
Ash method 
Material | Amount 
| Nothing | CaCO: — 
added added added H N 
| 
gm mg. | mg. my. mg. 
Bread (dog, Whipple)........ 10 0). 24 0.26 0.24 0.26 
Liver (beef, frozen).......... i 2.34 | 2.23 1.93 2.29 
(calf, | 2 4.56 4.82 4.04 4.76 
| 0.5 0.007 | 0.007 


were ignited in the usual manner. The standard containing hy- 
drochlorie acid showed only 80 per cent recovery, while the sulfuric 


acid sample was recovered 100 per cent. However, if the hydro- 


chloriec acid specimen was ignited in the presence of excess of 
calcium carbonate, the recovery was 100 per cent. Table IIT is 
a study of ashing methods with four quite different materials. 
The wet ashing was carried out with sulfuric and nitric acids in 
Kjeldahl flasks supported by glass rather than by the customary 
iron flues. Identical results were obtained with the wet and dry 
ash methods. In the case of liver a small amount of iron is lost 
in dry ignition but the addition of caleium carbonate, as recom- 
mended by Elvehjem,! eliminates this error. Another advantage 


THE JOURNAL OF RIOLOGICAL CHEMISTRY, VOL. 110, NO. 3 


692 Iron in Biological Material 


of the use of calcium carbonate in the ignition of liver and similar 
materials lies in the complete ash which is obtained in a few hours, 
while without it a black ash remains after many hours, which 
requires the time-consuming solution and reignition. Contrary 
to the theoretically expected conversion of iron to the non-volatile 
sulfate form, preliminary digestion with sulfuric acid before igni- 
tion leads to loss of iron. Considering the loss of iron experienced 
above in igniting ferric chloride, the common practice of moisten- 
ing an incomplete ash with hydrochloric acid, to expose the carbon 
particles for further ignition, is not likely to be a safe procedure 
in iron analysis. This point was tested with liver and bread. 
Loss of iron occurred. 

Elimination of Interference of Phosphates with Development of 
Ferric Thiocyanate Color—Elvehjem (4) pointed out in 1930 that 
ferric pyrophosphate holds iron very firmly. In this form iron 
fails to react with thiocyanate. During dry ignition pyrophos- 
phate is formed from the large amounts of phosphorus present in 
most biological materials. Elvehjem (4) showed that boiling iron 
pyrophosphate with strong sodium hydroxide converted the pyro- 
phosphate to orthophosphate, thus allowing the iron to react with 
thiocyanate. Both Stugart (11) and Winter (12) then reported 
that hydrochloric acid would accomplish the same hydrolysis. 
The use of sodium hydroxide was immediately discarded because 
such an alkaline solution cannot be freed of iron contamination. 
The difficulty with pyrophosphates being solved, orthophosphate 
interference remains when the content of phosphorus is very high 
compared to that of iron. Concentrations of orthophosphate of 
70 mg. per cent or greater cause fading of the ferric thiocyanate 
color in aqueous solution. Concentration of the ferric thiocyanate 
color with amyl alcohol, however, permits easy colorimetric esti- 
mation of 0.01 mg. of iron. In such small aliquots the amount 
of phosphate present does not interfere. Furthermore, the use 
of amy] alcohol inhibits the deleterious influence of the phosphates. 

Acidity of Solution Used for Colorimetric Comparison—A con- 
centration of 1 N to 2 N hydrochloric acid has been found optimal 
in this laboratory. Below this level color development is incom- 
plete, while above a 2 N concentration the amyl alcohol layer turns 
a turbid brown color. Accurate control of the acidity is an easy 
matter in the method described in this paper. 
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Complete Oxidation of Iron to Ferric State—A study of oxidizing 
agents used to convert the iron to the ferric condition before 
developing the color with thiocyanate showed that a 0.2 N solution 
of potassium permanganate, added by the drop until the first 
permanent pink color appeared in the cold solution, developed 
only 90 per cent of the ferric thiocyanate color produced by 1 drop 
of concentrated nitric acid acting on the cold solution and only 
80 per cent of the color produced when the nitric acid was added 
before the hydrolyzed solution cooled. Further, if the solution 
cools before the nitric acid is added, the results are variable com- 
pared to the uniform figures shown in Table II. Since blank 
determinations on the reagents in the quantities usually employed, 
as well as in 5 times these quantities, were consistently negative, 
this increasing amount of color must be due to more complete 
oxidation of iron to the ferric state. To illustrate the influence 
of hydrolysis and the temperature of the nitric acid oxidation on 
the color development a 20 gm. sample of dog bread analyzed by 
the method as outlined in this paper showed 1.37 mg. of iron, 
when nitric acid acted on the cold solution, 1.06 mg., and when 
hydrolysis was omitted (HNO; acting on the hot solution), 0.97 mg. 

Failure of Adequate Recovery of Added Iron to Prove the Accuracy 
of an Analysis—Before sources of error were located recoveries 
of added iron were obtained with different methods yielding quite 
different results. In this connection the method for iron deter- 
mination in blood plasma and urine described by Marlow and Tay- 
lor (9) (for these materials this method is satisfactory in this 
laboratory) was tested on a sample of dog bread. In this wet 
ash method only sulfuric acid is employed; complete oxidation of 
‘a bread sample could hardly be expected without nitric acid, 
hydrogen peroxide, or some other additional oxidizing agent. 
Compared with the method described in this paper, which showed 
5.15 mg. of iron per 100 gm. of bread with a recovery of added 
iron of 102 per cent, Marlow and Taylor’s method showed 3.46 mg. 
with 104 per cent recovery of added iron. 


SUMMARY 


Because of lack of knowledge, until recently, of the conditions 
necessary for the accurate use of the thiocyanate method, the 
experience of many workers with the method was unsatisfactory. 
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Many elaborate analytical methods for iron were developed. The 
color reaction of iron with thiocyanate is specific for iron. Now 
that the sources of error in the thiocyanate method have been 
elucidated by Elvehjem, Stugart, and Winter, it is not desirable 
to employ a non-specific oxidimetrie method such as the volu- 
metric titanium procedure or the adaptation of the permanganate 
macromethod to the small amounts of iron present in biological 
materials. 

The advantages of the procedure described here are: 

1. The use of the specific thiocyanate color reaction for iron. 

2. The satisfactory use of the simple dry ignition method by (a) 
the use of calcium carbonate to prevent volatilization of ferric 
chloride and (b) the hydrolysis of pyrophosphates formed during 
ignition. 

3. The small number of easily purified reagents employed. 

4. The elimination of the interference of both pyro- and ortho- 
phosphates. 

5. The small number of simple manipulations required, pre- 
cipitations and filtrations being avoided. 

6. The ease and accuracy with which the oxidizing and acid 
condition of the solution for ferric thiocyanate color development 
are controlled and the minimum of extraneous substances present 
in this final solution. 
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VITAMIN E 


III. EVIDENCE FOR THE PRESENCE OF A HYDROXYL GROUP. 
THE BIOLOGICAL UTILIZATION OF ESTERS. 
ABSORPTION SPECTRUM* 


By H. 8. OLCOTT 


(From the Biochemical Laboratory, State University of Iowa, Towa City) 
(Received for publication, June 8, 1935) 


The present investigation is a continuation of work previously 
published (6, 7) and concerns the stability of vitamin E concen- 
trates toward various reagents. On the basis of the results, some 
deductions are made as to the chemical structure of vitamin E. 
The absorption spectra of concentrates have also been further 
examined. Methods for preparing the concentrates and for assay- 
ing the different derivatives were described in Paper I of the 
series (7). 


EXPERIMENTAL 


There were three possible explanations for the physiological 
activity of vitamin E concentrates after acetylation and benzoy- 
lation (7). Either vitamin E possessed no hydroxyl group, or 
the hydroxy] group resisted esterification, or the esterified vitamin 
was utilizable. In order to rule out the first possibility, the effect 
of alkylating reagents upon vitamin E concentrates was studied. 

100 mg. of a concentrate were dissolved in 7.3 gm. of methyl 
iodide to which were added 4.5 gm. of silver oxide. The mixture 
was refluxed for 4 hours and, after removal of most of the methyl] 
iodide by evaporation, it was extracted with petroleum ether. 
The solvents were removed and the recovered material (88 mg.) 
was assayed for its vitamin activity (Table 1). No litters were 
produced. Ethyl iodide and silver oxide also destroyed the 
vitamin. 

* Presented in part before the Twenty-ninth meeting of the American 
Society of Biological Chemists at Detroit, April 12, 1935 (J. Biol. Chem., 
109, Ixxii (1935)). 
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100 mg. of a concentrate were dissolved in 50 cc. of alcohol 


containing 4 gm. of sodium hydroxide. 


3 cc. of dimethyl] sulfate 


were then added in two portions with vigorous shaking, and 


refluxed for 1 hour. 


TABLE 


Effect of Various Reagents on Vitamin E 


The vitamin fraction was recovered by dilut- 


Treatment No. in litter 
mg. 

2,3,5,10 W5-10 None 0,7,13,9 
10,15,50 W5-10 Methyl] iodide 0,0,0 
5,10 W5-10 Ethyl] iodide 0,0 
5,14 W5-10 Dimethy! sulfate 0,0 
10,20,30 W5-10 Phenyl isocyanate 0,0,0 
5,10,10,15 W5-10 Same then potassium hydroxidetf| 0,0,4,5 
5,10 W5-10 Benzoyl] chloridet 0,2 
5,10 W5-10 Same then pheny! isocyanatet 0,4 
2,3,5,10 W5-10 Hydrogen§$ 7,7,4,8 
2,2,3,3, W5-15-7A | None 0,0,3, 
15,25 W5-15-7A | Phenyl isocyanate ,0 
3,5 W5-15-7A | Acetic anhydride 10,5 
3,5, 10 W5-15-7A | Same then phenyl! isocvanate 10,1,9 
3,5,10 W5-15-7A “ “ 1,5,7 
2,3,5,10 W5-15-7A 0,0,0,6 
2,2,3,5 W5-15-6 None 0,0,0,0 
1.5,2,2,5 W5-15-7 0,1,2,8 
5,10,20 P-16-8 as 0,0,0 
10,20 P-16-9 = 0,0 
130 P-17 0 


* Fed in a single dose on, or up to 3 days after the day of positive mating. 
t W indicates wheat germ oil as the source of the material. 


palm oil, 


P indicates 


t The animals used for these assays had alrgady been used for six or 
more gestations, and their requirements approximated 1} to 2 times those 
of younger animals. 

§ Hydrogen at 230° and 250 to 280 atmospheres pressure. 


ing the alcohol with 50 cc. of water and extracting several times 
71 mg. were recovered. The material 


with petroleum ether. 


had no biological activity. 
Phenyl isocyanate reacts with hydroxyl groups, and several 
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experiments have demonstrated that vitamin E is attacked by this 
reagent. The concentrates were dissolved in an excess of phenyl 
isocyanate and heated on a steam bath for 30 minutes; the excess 
reagent was then removed by directing a stream of carbon dioxide 
gas into the flask until no odor was apparent. The residue had 
no physiological action. 

It was possible to regenerate the vitamin by alkaline hydrolysis 
of the urethane derivative. 50 mg. of a concentrate previously 
treated with phenyl isocyanate were dissolved in alcoholic potas- 
sium hydroxide and heated for an hour on a steam bath. After 
cooling, the solution was diluted with water and extracted with 
petroleum ether. The extract was washed thoroughly with dilute 
sulfuric acid, then with sodium carbonate solution, finally with 
water, and evaporated to dryness. The residue was physiologi- 
cally active. 

These results indicated that vitamin E contained a hydroxyl © 
group and could be inactivated by reagents which combine with 
this group. The activity of acetylated and benzoylated con- 
centrates thus required further investigation. The possibility that 
the hydroxyl group resisted esterification was ruled out by the 
following experiments. 

100 mg. of a concentrate were dissolved in 2 cc. of pyridine. 
0.5 ec. of acetic anhydride was added, the solution was heated on a 
steam bath for 10 minutes, and allowed to stand overnight at room 
temperature. Water was added, and the mixture was shaken and 
extracted several times with petroleum ether. After removal of 
the solvent, the residue (acetylated concentrate) was treated with 
phenyl isocyanate exactly as described above. In this case and 
in two further trials the recovered material was still biologically 
active. | 

Another sample of the concentrate was benzoylated in a similar 
fashion and then treated with phenyl isocyanate, again without 
destruction of the vitamin activity. 

The third possible explanation mentioned above thus appears 
to be the true one. Vitamin E contains a hydroxyl group which 
is easily esterified, and the esters of which are utilizable. The 
presence of the acetyl or benzoyl radical protects the hydroxy] 
group from the destructive action of phenyl isocyanate; destruc- 
tive because the urethane derivative cannot be hydrolyzed by 
the organism. 
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The formation of a utilizable acetylated vitamin Kk may furnish 
an explanation for the phenomenon described in Paper I of this 
series (7) in which two samples of concentrate, one acetylated, 
were incorporated into diets containing lard and allowed to stand 
several weeks exposed to the air and at room temperature. The 
diet containing the original concentrate was protected from 
rancidity by the accompanying antioxidant, and remained fresh 
throughout the experiment. The diet containing the acetylated 
concentrate quickly became rancid, the antioxidant having been 
destroyed by the acetylation procedure. However, the vitamin 
potency of this diet after standing rancid for several weeks did 
not diminish, despite the fact that vitamin FE is very sensitive 
to rancidity (2). It now seems plausible to suggest that the acetyl- 
ated vitamin which is completely available to the organism, is 
resistant to oxidation in rancid fats. 

The presence of a hydroxyl group and the activity of the acetyl 
and benzoyl esters suggest the possibility that vitamin FE may 
occur in nature either free or esterified as do the sterols. 

That vitamin FE contains an unsaturated linkage is indicated 
by the following previously determined facts (6). It is destroyed 
by mild halogenation and can be regenerated by boiling with zine 
and hydrochloric acid in methanol. The vitamin is also destroyed 
by perbenzoic acid in the cold, a reaction specific for unsaturated 
bonds. On the other hand it has never been possible to hydro- 
genate vitamin EK concentrates completely and the hydrogenated 
products have always been physiologically active. A small 
amount of a concentrate has again been subjected to hydrogena- 
tion, this time under conditions far more drastic than those usually 
required to hydrogenate double bonds. An alcohol solution was 
subjected to hydrogen at 230° and 250 to 280 atmospheres pressure 
for 2 hours over a nickel catalyst. The recovered material was 
still active and still unsaturated, having an iodine number of 70 
(Ralls (8), Rosenmund and Kuhnhenn (9)).. Drummond and his 
coworkers (3) have recently reported successful attempts to hy- 
drogenate vitamin E concentrates without destruction of the bio- 
logical activity, with a palladium catalyst under ordinary tempera- 
ture and pressure conditions. However, the recovered material 
still had an iodine number of 26. In view of the effeet of halogens 
and of perbenzoic acid, it seems not improbable that this residual 
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unsaturation belonged to the vitamin and that the reduction in 
iodine number resulted from the saturation of extraneous accom- 
panying materials, corresponding to the decrease, in our case, 
from 105 to 70 in the iodine number. The difference in method 
of assay makes it difficult to compare the absolute vitamin content 
of the two preparations. 

A band at 2940 A. in the absorption spectrum of vitamin E 
concentrates was first detected in a preparation from cottonseed 
oil (5), and later in concentrates from wheat germ oil (6). Other 
investigators have also remarked on the band (4), and Drummond 


TABLE II 


Lack of Parallelism between Intensity of Absorption Band at 2940 A. and 
Vitamin E Content of Various Concentrates 


| Minimum 


Concentrate No. and source dane 

P16-8 (palm | 110 > 20 
W5-15-6 (wheat germ 65 >5 
3 


* The absorption curves were obtained from a Hilger k-3 quartz spectro- 
graph in conjunction with a sector photometer. The solvent was 95 per 
eent alcohol and the concentration in most cases 1 to 10,000. . 

t Distilled at 140—-160° (0.004 mm.). 

? Distilled at 160-180° (0.004 mm.). 


et al. (3) suggest, with reservations, that it is a property of the 
vitamin. Our early observations led us to conclude tentatively 
that the band was not connected with vitamin EK. Acetylation 
caused migration of the band to 2810 A.and silver nitrate destroyed 
it, though neither of these reactions seemed to affect the vitamin. 
We now know that the acetylation procedure synthesizes a deriva- 
tive which might account for the migration, and that some destruc- 
tion of vitamin I does occur in the silver nitrate treatment, which 
in turn could account for the disappearance of the band. Never- 
theless several additional facts show very definitely that the band 
is not that of the vitamin. 
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Lettuce concentrates were examined several years ago and no 
bands were detected in the ultra-violet absorption spectrum (7). 
On the other hand, unsaponifiable lipid fractions of palm oil, 
prepared by the procedure used to obtain the vitamin E fraction 
from other oils, exhibit a band at 2940 A., though they do not 
contain vitamin E. Presumably the band in palm oil concentrates 
is due to the same compound responsible for the band in wheat 
germ and cottonseed oil concentrates. This hypothesis is 
strengthened by the fact that acetylation of the palm oil concen- 
trate causes migration of the peak to 2810 A. with some loss in 
height, exactly comparable to the observed effect of acetylation 
in concentrates from the other two oils. 

Furthermore it has been possible to obtain from a fractional 
distillation of a concentrate from wheat germ oil, two fractions 
exhibiting bands of equal height, although one (Concentrate 
W5-15-7) contained at least twice the amount of vitamin I in 
the other (Concentrate W5-15-6) (Tables I and II). 2 

Thus the band at 2940 A. seems to be the property of a substance 
closely related to vitamin EK and appearing as a difficultly remova- 
ble impurity in concentrates from wheat germ oil and cottonseed 
oil. Several lines of evidence indicate that this substance may be 
the natural antioxidant which is also concentrated in the unsa- 
ponifiable lipid fraction of cottonseed, wheat germ (1), palm, and 
other oils and which will be described more fully in another place. 


I am indebted to Dr. D. C. McCann for his help with some 
of the absorption spectrum photographs, to Dr. Homer Adkins 
of the University of Wisconsin for carrying out the hydrogenation, 
and to Professor H. A. Mattill for his suggestions and for his 
assistance with the animal assays. 


SUMMARY 


Vitamin E contains one or more hydroxy] groups. Esters with 
acetic or benzoic acid are biologically active. Methyl and ethyl 
ethers, synthesized by the action of dimethyl sulfate and methy] 
and ethyl iodides in the presence of silver oxide, are inactive. The 
urethane derivative formed by reaction with phenyl isocyanate is 
inactive but the vitamin can be regenerated by alkaline hydrolysis. 
Apparently the rat can utilize the acetyl and benzoyl esters but 
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not the urethane derivative. Hydrogenation at 230° and 250 
to 280 atmospheres pressure neither destroys the vitamin nor 
saturates the concentrates. Conclusive proof is adduced to show 
that the band at 2940 A. in the absorption spectrum of concentrates 
from wheat germ and cottonseed oils is not a property of the 
vitamin. 


w 
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ADULT RATS OF LOW CALCIUM CONTENT 


By H. L. CAMPBELL, OTTO A. BESSEY, anp H. C. SHERMAN 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, June 13, 1935) 


Previous papers from this laboratory (1, 2) have discussed the 
extent to which the normal increase in the calcium content of the 
growing body may be retarded when the food is of less than optimal 
calcium content. In many such cases the growth in body weight 
and the physical appearance of health and development are quite 
normal. Hence the question arises as to the ultimate conse- 
quence of this relatively low calcium condition of body during 
growth. 


EXPERIMENTAL 


The present paper records the results of extending into the 
second generation the use of a diet of relatively low calcium con- 
tent as compared with most laboratory rations, but not lower than 
is often met in human experience. The composition of the food 
mixture (Diet 800) was as follows: dried lean beef, 10; dried potato, 
9; dried orange juice, 4; dried whole milk, 8; ground whole wheat, 
6; white flour, 40; butter fat, 4; lard, 7; sugar, 12 per cent. - This 
had an energy value of 4.4 calories per gm. and contained 16.7 per 
cent protein, 14.5 per cent fat, 0.192 per cent phosphorus, and 
0.094 per cent calcium or 0.021 gm. of calcium per 100 calories. 
From experience with other diets it appears that the crucial point 
here lies not in the’ calcium to phosphorus ratio but specifically 
in the low calcium content. 

Rats, given this diet ad libitum from the age of 28 days, grew 
normally and presented the physical appearance of good health 
and development. They were, however, somewhat slow in reach- 
ing maturity as judged by the age at which the females bore their 
first young; and four out of nine of these females failed to rear any 
young, whereas in all cases litter mate controls on another diet 
bore and reared young successfully. 
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The second generation on the diet here described were about 
three-fourths the average size (for our colony) and grew at about 
three-fourths the average rate. Their coats were rougher, bodies 
less firm, and they appeared much more nervous than their cousins 
on a diet of higher calcium content. All exhibited at 1 year of 
age an appearance of senility such as normally develops only at 
an age of about 600 days. Among fourteen females of this second 
generation (at the age of 1 year) only five had borne young and 
none had succeeded in rearing any. As the diet, although it had 


TABLE I 


Comparative Analyses of 1 Year-Old Rats on Diet A (Diet 16) with 0.19 Per 
Cent of Calcium and on Diet 800 with 0.094 Per Cent of Calcium 


Males Females 


Diet A(16)| Diet 800 | Diet A(16)! Diet 800 


Average of all analyzed for Ca 


Body weight (net), gm........... 313 249 216 172 
3.44 2.06 2.40 1.74 


Ca in total moist body, per cent.| 1.10 0.84 1.11 1.01 
Average of more complete analyses 


5 3 4 5 
Body weight (net), gm........... 295 221 218 162 
Weight of body Ca, gm.......... 3.232 1.920 2.433 1.747 
Moisture, per cent............... 67.9 59.1 67.2 63.0 
Ca in total moist body, per cent.| 1.096 0.870 1.116 1.078 
“ “ body solids, per cent...... 3.43 2.13 3.41 2.91 
“ “ fat-free body solids, per 


supported good growth in the first generation, seemed unable 
permanently to support successful reproduction and lactation, it 
was decided to analyze the second generation for calcium at the 
age of 1 year, when they were developing premature senility and 
were plainly unable to perpetuate their families on this diet. Two 
females which had borne no young were found pregnant when thus 
killed at 365 days of age. The five that had given birth to young 
had borne their first litters at an average age of 222 days. Thus 
reproduction occurred, if at all, only after unusual delay; and was 


| | 
| 
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always unsuccessful—none of the third generation survived in- 
fancy. Autopies of the second generation animals, when killed 
for analysis at 1 year of age, showed rather less than average 
prevalence of visible lesions of infectious disease. Some of the 
animals were analyzed directly for calcium, the entire body being 
burned as described in earlier papers (1, 2). Others were dried 
and body fat determined so that the calcium content found could 
be calculated as percentage either of the entire moist body, or 
of its dry matter, or of the dry fat-free substance. 

Similar analyses were made of animals of the same age and strain 
which had been reared on Diet A (Laboratory No. 16) which we 
have described previously (3). This diet has been found to con- 
tain 0.19 per cent calcium, and to support normal health, reproduc- 
tion, and lactation generation after generation indefinitely. 

Table I summarizes the data of analyses of 1 year-old rats 
reared on the two diets. 

The percentage of calcium in the total moist body, averaged for 
all the cases here analyzed, is about 24 per cent lower for the 
males on Diet 800 than for those on Diet A. For the females 
the difference is only 10 per cent in the figures as they stand; 
but inasmuch as all those on Diet A and none of those on Diet 800 
had reared young, the loss of body calcium in the suckling of the 
young (1) should be allowed for. When this difference is allowed 
for, the females as well as the males appear to have acquired only 
about three-fourths to four-fifths as much calcium from Diet 800 
as from Diet A at 1 year of age. 

A few rats of the same age and strain raised on Diet 110 with 
the intermediate calcium content of 0.13 per cent were analyzed 
by Dr. L. E. Booher of this Department: two males averaged 
1.03 per cent calcium in the moist body weight; and three females 
which had never reared young averaged 1.24 per cent. 

The percentages of calcium in the body solids, or in the fat-free 
body solids, show proportionate differences between the year- 
old animals on Diet A and on Diet 800. 


SUMMARY AND CONCLUSIONS 


A varied diet (Laboratory No. 800) believed to be good in all 
other respects and containing 0.094 per cent calcium in the air- 
dry food mixture, or 0.021 gm. of calcium per 100 calories, fed tu 
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rats from the age of 28 days, supported normal growth in body 
weight, and the physical appearance of normal health and develop- 
ment. The breeding record of these animals was, however, below 
the normal average. 

The second generation on this dict showed about three-fourths 
the normal growth and size for this strain, failed to rear young, 
and appeared senile at the premature age of 1 year. 

Analyzed at 1 year of age, these rats were found to be of low 
ealecium content. They contained about three-fourths to four- 
fifths the percentage of calcium shown by rats of the same age 
and strain whose food had contained 0.13 to 0.19 per cent calcium 
(allowance being made for losses of body calcium sustained by 
females in suckling their young). 

We conclude that a calcium intake of the order of 0.1 per cent 
of the dry food, or 0.021 gm. of calcium per 100 food calories suf- 
ficed for growth and an appearance of health in the first but not 
in the second generation, the latter showing a low calcium condi- 
tion of body even at adult age. 


The cooperation of the Carnegie Corporation of New York and 
the Carnegie Institution of Washington is gratefully acknowledged. 
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DERIVATIVES OF GLUCURONIC ACID 
V. THE SYNTHESIS OF GLUCURONIDES 


By WALTHER F. GOEBEL anon FRANK H. BABERS 
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New York) 


(Received for publication, May 28, 1935) 


This series of studies on the chemistry of glucuronic acid was 
instigated primarily by the desire to prepare synthetically aldo- 
bionic acids similar to those found in the hydrolytic products of 
numerous naturally occurring complex bacterial polysaccharides. 
These derivatives of uronic acids were first described when it was 
shown that the specific polysaccharide elaborated by the Type III 
pneumococcus during its growth in liquid medium is composed of 
units of a glucose-glucuronide (1). The striking immunological 
properties exhibited by the bacterial polysaccharide derived from 
encapsulated microorganisms are not entirely lost when the carbo- 
hydrates undergo hydrolysis, for it has been shown that the 
products of partial hydrolysis of Type III pneumococcus specific 
polysaccharide retain the capacity to precipitate specifically in 
homologous antipneumococcus horse serum (2). 

The first step in the synthesis of aldobionic acids involves the 
preparation of the appropriate acetohalogen derivative of the 
hexose uronic acid. The syntheses of diacetylchloroglucuron and 
of triacetylchloroglucuronic acid methyl ester have been described 
in earlier communications of this series (3). The present report 
describes the synthesis and properties of several simple glucuron- 
ides prepared from these two acetohalogen derivatives of glucu- 
ronie acid. 

When methyl! alcohol is condensed with diacetylchloroglucuron, 
or with triacetylchloroglucuronic acid methyl] ester in the presence 
of silver carbonate, the corresponding acetylated methylglycosides 
are formed. Both these derivatives, however, exhibit properties 
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which distinguish them sharply from true glycosides. When aque- 
ous acetone solutions of the two derivatives are titrated with a 
dilute base, in each instance one acetyl group remains firmly 
attached to the glycosidic molecule. Furthermore, it has been 
observed that both compounds, when dissolved in 0.005 N HC] 
in 95 per cent dioxane, undergo a rapid change in specific rotation 
with a corresponding loss of the glycosidic group. These proper- 
ties are characteristic of methylglycosides having the orthoacetate 
structure (4). The glycosides must be regarded therefore as 
having the structure represented in figures (1) and (II), and not 
as true methylglycosides. 


OCH; OCH, 
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O CH;  AcO | O CH, 


H 
AcO | | 
H OAc H \ 
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H H H | 
COOCH; 


O 


I II 


Triacetylmethylglycoside of glucuronic 


Diacetylmethylglycoside of glucuron 
acid methyl] ester 


It has been suggested that the formation of glycosides having 
the orthoacetate structure occurs whenever adjacent hydroxyl 
groups congregate in clusters on the same side of the 6 atom ring, 
as in the mannose, rhamnose, and lyxose series (5). Although it 
is obvious that a congregation of this nature does not exist either 
in the glucuron or glucuronic acid molecule, yet the acetohalogen 
derivatives of both these substances yield methylglycosides having 
the structures of orthoacetates. This question has also been dis- 
cussed by Pacsu (6), who has pointed out that the third aceto- 
chloromaltose of Freudenberg (7) fails to have a clustering of 
adjacent hydroxyl groups, yet the derivative possesses the struc- 
ture of an orthoacetate. 


| 
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If p-nitrobenzyl] alcohol is condensed with diacetylchloroglucu- 
ron in the presence of silver oxide, or with triacetylchlorogilucuronic 
acid methyl] ester in the presence of silver carbonate, derivatives 
are formed which have the structure of true glycosides and not 
those of orthoacetates. That these derivatives are indeed true 
glycosides is evident from the fact that the diacetyl-p-nitrobenzyl- 
glycoside of glucuron neutralizes 3 equivalents of ammonium hy- 
droxide when the glycoside is dissolved in a 0.1 N solution of the 
base, and that the triacetyl-p-nitrobenzylglycoside of glucuronic 
acid methy] ester utilizes 4 equivalents of 0.1 N sodium hydroxide. 
Furthermore these derivatives, unlike the corresponding methy]- 
glycosides having the orthoacetate structure, do not undergo 
hydrolysis in solutions of 0.005 Nn HC) dissolved in 95 per cent 
dioxane. 

The reducing properties exhibited by both the methyl- and 
p-nitrobenzylglycosides of diacetylglucuron may be attributed to 
the lactone ring, for it has been observed that this property is lost 
when the ring is opened by allowing the glycosides to stand in an 
alcoholic ammonia solution. It is well known that certain lac- 
tones, such as the lactone of mannosaccharic acid, have the prop- 
erty of reducing Fehling’s solution. 

The fact that both diacetylchloroglucuron and triacetylchloro- 
glucuronic acid methyl] ester may, under slightly different experi- 
mental conditions, yield glycosides having either the orthoacetate 
structure, or the structure of a true glycoside, raises a question 
concerning the constitution of the parent halogen derivatives them- 
selves. It is hoped that this question may be further investigated. 


EXPERIMENTAL 


Preparation and Properties of Diacetylmethylglycoside of Glucuron 
—5.0 gm. of diacetylchloroglucuron were mixed ;with 1.5 moles 
of freshly prepared dry silver carbonate. The mixture was added 
to 100 ce. of cold anhydrous methy] alcohol and shaken at 0° until 
the alcoholic solution gave no test for chloride. The contents of 
the flask were then filtered at 0°, and the residue of silver salt 
washed with successive portions of anhydrous chloroform. The 
alcohol and chloroform filtrate was concentrated to small volume 
under diminished pressure. The flask was set aside in the ice 
box until crystallization of the glycoside reached ~completion. 
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2.5 gm. of glistening prismatic needles, the diacetylmethylglycoside 

of glucuron, were filtered from the colorless mother liquors. 
Several recrystallizations from anhydrous ether gave 2.0 gm. 

of glycoside having a melting point of 110-111° (uncorrected). 


[a]Jp = +112.5° in CHCl; (c = 0.6 per cent). 
Analysis—C,H;0; (COCHs). OCH; 
Calculated. C 48.2, H 5.2, COCH; 31.4, OCH; 11.3 
Found. 48.5, 5.3, got 


The diacetylmethylglycoside of glucuron is extremely soluble in 
chloroform, dioxane, acetone, and methyl alcohol, and considerably 
less soluble in ethyl alcohol and ether. It was observed that a 
solution of the glycoside in methyl alcohol underwent a rapid 
change in specific rotation, although solutions of the same con- 
centration in chloroform and dioxane exhibited no such change. 
It was found that the change in rotation of the methyl alcoholic 
solution of the glycoside was due to a spontaneous opening of the 
lactone ring with the subsequent formation of the corresponding 
methyl ester of the glycoside. Thus a1 per cent solution of glyco- 
side in methyl alcohol was allowed to stand until the rotation 
became constant and the solvent removed in vacuo. The oily 
residue, dried to constant weight 7n vacuo over sulfuric acid, was 
found to contain 17.8 per cent methoxyl. Approximately 70 
per cent of the glycoside of glucuron had thus been converted to 
the corresponding methyl ester. The reaction between the glyco- 
side and methyl alcohol apparently reaches an equilibrium in which 
30 per cent of unchanged methylglycoside of diacetylglucuron is 
still present. 

A second unusual property which the diacetylmethylglycoside 
of glucuron exhibits is its capacity to reduce Fehling’s solution. 
This property may be attributed to the presence of the lactone 
ring, for it has been found that when the ring is opened by dis- 
solving the glycoside in methyl] alcohol saturated with anhydrous 
ammonia, the reaction mixture no longer reduces alkaline copper 
solutions. 

Conductometric Titration of Acetyl Groups of Diacetylmethylgly- 
costde of Glucuron'—The acetyl group of the diacetylmethylgly- 


1 The authors wish to express their thanks to Dr. Torsten Teorell who 
has kindly assisted them in carrying out the conductometric titrations 
described in this report. 
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coside of glucuron cannot be titrated directly with dilute sodium 
or barium hydroxide, since the derivative undergoes a severe de- 
composition in the presence of fixed alkali. Aqueous acetone 
solutions of the glycoside turn a brilliant yellow, even upon the 
cautious addition of a few drops of 0.01 N NaOH at 0°. It was 
observed, however, that in the presence of dilute ammonium hy- 
droxide the decomposition of the glycoside was greatly minimized. 
In order to establish the number of equivalents of base neutralized, 
(0.0812 gm. of glycoside was dissolved in 5 ee. of acetone, 5 cc. of 
N NH,OH were added, and the mixture diluted to 50 ce. in a 
volumetric flask. 4 ce. samples of the reaction mixture were 
removed from time to time and titrated conductometrically (8) 
with 0.05 N acetic acid. At the end of 2 hours it was found that 
0.47 cc. of 0.1 N NH,OH, or exactly 2 equivalents, had been 
neutralized by the glycoside in the sample titrated. On further 
standing (24 hours or more) a slight increase in the consumption 
of base occurred, indicating a very gradual hydrolysis of the re- 
maining acetyl group. From the results of the experiment it may 
be concluded that one of the acetyl groups of the glycoside is 
firmly attached to the glycosidic molecule. 

Triacetylmethylglycoside of Glucuronic Acid Methyl Ester—This 
derivative was prepared triacetylchloroglucuronic acid 
methyl ester exactly as was the corresponding diacetylmethyl- 
glycoside of glucuron. From 6.0 gm. of the halogen derivative 
2.8 gm. of crystalline glycoside were recovered. By repeated 
recrystallization from ether, 2.0 gm. of material were recovered 
which melted sharply at 118° (uncorrected). Further crystalliza- 
tion failed to change either the melting point or the specific rota- 
tion of the derivative. 


[a]> = +54.0° in chloroform (c = 0.6 per cent). 
Calculated. C 48.3, H 5.8, COCH, 37.1, OCH; 17.8 


The triacetylmethylglycoside of glucuronic acid methyl ester sepa- 
rates as beautiful cubic crystals from anhydrous ether. The sub- 
stance is very soluble in chloroform, acetone, and dioxane, and 
considerably less soluble in ethyl alcohol and ether.. The gly- 
coside does not reduce Fehling’s solution. When an aqueous 
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acetone solution of the glycoside is treated with an excess of 0.1 N 
NaOH, warmed to 100°, and the excess alkali titrated with 0.1 N 
HCl, it was found that only 3 equivalents of base were neutralized. 
0.0642 gm. of glycoside neutralized 5.54 cc. of 0.1 N NaOH (calcu- 
lated for 3 equivalents, 5.53 cc.). Similarly, when a weighed 
sample of the glycoside was dissolved in aqueous acetone contain- 
ing a known amount of 0.1 N NH,OH, and titrated after several 
hours conductometrically with 0.05 N acetic acid, again it was 
found that exactly 3 equivalents of base had been neutralized by 
the glycoside. From these experiments it may be concluded that 
this derivative retains one acetyl group, firmly bound in the mole- 
cule, which cannot be removed by alkaline hydrolysis. It appears, 
therefore, that both the diacetylmethylglycoside of glucuron, and 
the triacetylmethylglycoside of glucuronic acid methyl ester must 
be regarded as derivatives of orthoacetic acid having the struc- 
tures given in figures (I) and (II), respectively. 

Repeated attempts have been made to isolate the monoacety] 
derivatives of both glycosides in a crystalline state, but without 
success. The diacetylmethylglycoside of glucuron cannot be hy- 
drolyzed either with barium hydroxide, or with barium methylate, 
without undergoing severe decomposition. Attempts to prepare 
the corresponding monoacetylmethylglycoside amide by dissolving 
the acetylated methylglycoside of glucuron in alcoholic ammonia 
yielded an amorphous material, so sensitive to hydrogen ions that 
aqueous solutions left in open vessels are rapidly hydrolyzed by the 
carbon dioxide of the air. On account of its instability the mono- 
acetylmethylglycoside of glucuronic acid, prepared by hydrolyzing 
the triacetylmethylglycoside methyl] ester with barium hydroxide, 
has likewise not been isolated as a crystalline derivative. 

Hydrolysis of Diacetylmethylglycoside of Glucugon, and Triacetyl- 
methylglycoside of Glucuronic Acid Methyl Ester by Hydrochloric 
Acid Dissolved in 95 Per Cent Diorane—One of the most charac- 
teristic properties of the methylglycosides of sugars having an 
orthoacetate structure is the extreme lability of the methoxyl 
group in the presence of very dilute acid (9). The rate of hydroly- 
sis of the diacetylmethylglycoside of glucuron, and of the triacetyl- 
methylglycoside of the methyl ester of glucuronic acid has been 
measured in 95 per cent dioxane solution containing 0.005 N HCl. 
The change in optical rotation was observed and the velocity 


= 
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constant was calculated. The results of these experiments are 
given in Table I. From the results given in Table I it may be seen 
that both the acetylated methylglycosides of glucuron and of 
the methyl ester of glucuronic acid are rapidly hydrolyzed by very 
dilute hydrochloric acid in aqueous dioxane. From the values 
of the constant, k, it may be seen that the reaction is in each 


TABLE I 
Hydrolysis of Diacetylmethylglycoside of Glucuron and Triacetylmethylglyco- 
side of Glucuronic Acid Methyl Ester by Hydrochloric Acid Dissolved tn 
95 Per Cent Diorane 


Substance observed | Concentration | Time a k= log = — 
| min. | degrees 
Diacetylmethyl- 0.0696 gm. in 10 ce. QO +1.47 
glycoside of glu- | of 0.005 N solu- 3 |+1.57 0.052 
curon tion of HCI in 95 5 |+1.62 0.052 
per cent dioxane 8 |+1.68 0.055 
| 12 |+1.73 0.056 
17 |+1.76 0.054 
27 |+1.79 
57 |+1.80 
240 |+1.80 
Triacetylmethyl- 0.1009 gm. in 10 ec. 0 |+1.29 
glycoside of glu- of 0.005 N solu- 3 |+1.46 0.026 
curonie acid tion of HCl in 6 |+1.59 0.025 
methyl ester 95 per cent 8 |+1.69 0.027 
dioxane 11 |+1.77 0.025 
15 |+1.89 0.025 
21 |+2.01 0.025 
28 |+2.10 0.024 
38 |+2.20 0.025 
52 |+2.26 
| 75 |+2.31 
| 320 |+2.31 


instance apparently unimolecular. Although the kineties of hy- 
drolysis of the two glycosides proceeds in accordance with a 
unimolecular reaction, it does not follow that only one product is, 
in each instance, formed during the course of the reaction. It 
has been found that after the hydrolysis of the methylglycoside 
of glucuron reaches completion, there are two substanees present 
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in the reaction mixture in approximately equimolecular propor- 
tions. The first is a crystalline hydroxydiacetylglucuron having 
a specific rotation of + 115° (in 95 per cent dioxane) and identical 
with the diacetylglucuron previously described (4). The second 
product is an oil analyzing correctly for hydroxydiacetylglucuron, 
and having a specific rotation of + 143° (in 95 per cent dioxane). 
From the hydrolysis of 1 gm. of glycoside in aqueous dioxane con- 
taining 0.005 nN HC] approximately equal quantities of the amor- 
phous and crystalline hydroxy derivatives were obtained. The 
two substances were separated from the reaction mixture by evapo- 
rating the solvent 7n vacuo, dissolving the residue. in 5 ce. of ether, 
and separating the resulting crystalline derivative by filtration. 
The oily residue was dried in vacuo over sulfuric acid to constant 
weight. 

On examination of the reaction product of the methylglycoside 
of triacetylglucuronic acid methyl ester in 0.005 ~n HCI dissolved 
in 95 per cent dioxane, two substances are likewise obtained. The 
first is a crystalline hydroxytriacetylglucuronic acid methyl ester 
melting at 126° and having a specific rotation of 146.8° (in 95 per 
cent dioxane). The second product of reaction is an oil having 
a specific rotation of +76° (in 95 per cent dioxane) and analyzing 
approximately for hydroxytriacetylglucuronic acid methyl ester. 
These two substances are likewise formed apparently in equi- 
molecular proportions. 

The structural relationship between the ervstalline and amor- 
phous forms of hydroxydiacetylglucuron, and between the two 
forms of hydroxytriacetylglucuronic acid methyl ester is at present 
not understood. It is hoped, however, that this question may 
eventually be more thoroughly investigated. 

Diacetyl-p-Nitrobenzylglycoside of Glucuron—6.0 gm. of diacetyl- 
chloroglucuron and 4.0 gm. of p-nitrobenzyl alcehol were dissolved 
in 50 ce. of pure anhydrous chloroform and 5 gm. of freshly pre- 
pared dry silver oxide were added. The mixture was shaken for 
48 hours at room temperature and then filtered. The dark brown 
chloroform solution was concentrated to a syrup tn vacuo, and 
75 ec. of ethyl aleohol were added. Within a few minutes crystal- 
lization of the p-nitrobenzylglycoside of diacetylglucuron com- 
menced. 2.2 gm. of glycoside were separated by filtration. The 
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substance was recrystallized from ethyl] alcohol, yielding 2.0 gm. 
of pure glycoside melting at 133—134° (uncorrected). 


[a]p = +39.9° in chloroform (c = 1 per cent). 
Analysis 


C13H;,;0sN (COCH3)>». Calculated. C 51 .6, H 4.3, COCH,; 21 .8, N 3. 
Found. “51942, 212 


5 
4 

The diacetyl-p-nitrobenzylglycoside of glucuron is difficultly 
soluble in ether and in cold ethyl alcohol, but is readily soluble 
in ethyl acetate, dioxane, chloroform, and acetone. Like the cor- 
responding methylglycoside of diacetylglucuron, the p-nitrobenzy] 
derivative reduces Fehling’s solution, and in aqueous acetone solu- 
tion is very sensitive to fixed alkali. The hydrolysis of the acety] 
groups of the glycoside with dilute barium hydroxide at 0° yields 
a brownish tarry residue from which nothing could be crystallized. 
It has likewise not been possible to obtain in crystalline form the 
deacetylated amide by treating the glycoside with alcoholic am- 
monia. By conductometric titrations of aqueous acetone solu- 
tions of the glycoside in 0.1 N NH,OH, it was found that 3 equiva- 
lents of base were neutralized, indicating that two acetyl groups 
had been removed and that the lactone ring had been opened. 
When solutions of the glycoside in 95 per cent dioxane containing 
0.005 N HCI were observed in a polarimeter, no change in rotation 
occurred. Indeed, when the concentration of acid was increased 
10-fold the specific rotation of the solution remained constant 
for many hours, and the value was identical with that of a solution 
of the glycoside in 95 per cent dioxane containing no HCl. The 
diacetyl-p-nitrobenzylglycoside of glucuron must be regarded, 
therefore, as a true glycoside and not as a derivative of ortho- 
acetic acid. 

Triacetyl-p-N itrobenzylglycoside of Glucuronic Acid Methyl Ester— 
3.0 gm. of triacetylchloroglucuronic acid methyl ester and 1.4 gm. 
of p-nitrobenzy] alcohol were dissolved in 25 ec. of pure anhydrous 
chloroform and the mixture shaken for 7 days with 3.0 gm. of silver 
carbonate. At the end of this time the chloroform solution still 
showed the presence of the halogen derivative, so the mixture was 
heated and stirred at 60° in a mercury-sealed apparatus. The 
mixture was filtered and the chloroform solution was concentrated 
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to a syrup in vacuo. The syrup was dissolved in ethyl alcohol 
and the solution placed in the ice box for 2 weeks. Crystalliza- 
tion of the glycoside was very slow, and only 0.4 gm. of substance 
was recovered. The derivative was recrystallized from ethyl 
alcohol, yielding 0.3 gm. of the triacetyl-p-nitrobenzylglycoside 
of glucuronic acid methy] ester. 


[a]> = —57.8° in CHCl; (c = 0.6 per cent). 
Analysis 
Ci3H1,0gN (COCH;);(OCH;). Calculated. C 51.2, H 5.0, N 3.0, OCH;6.6 


The glycoside crystallized as pale yellow silky needles, difficultly 
soluble in cold, but soluble in hot ethyl alcohol. The glycoside 
does not reduce Fehling’s solution. The substance melts at 175- 
176° (uncorrected). 15.211 mg. of glycoside were dissolved in 
3 ec. of acetone, and 14.00 cc. of N/70 NaOH were added. After 
standing overnight the excess alkali required 4.98 ec. of N/70 HCl 
for neutralization. Thus 9.02 cc. of N/70 NaOH were utilized 
by the acetyl groups and carboxyl groups of the glycoside. (Calcu- 
lated for 4 equivalents, 9.09 cc. of N/70 NaOH.) From this experi- 
ment it may be seen that all of the acetyl groups are removed by 
alkaline hydrolysis, and at the same time the methyl] ester grouping 
is hydrolyzed. The derivative must therefore be regarded as a 
true glycoside, and not as a derivative of orthoacetic acid. On 
account of its levorotation, the glycoside probably has the £ con- 
figuration. 


In conclusion the authors wish to express their thanks to Dr. 
Duncan MacInnes and to Dr. P. A. Levene for their generous 
advice. 


SUMMARY 


1. The synthesis of the diacetylmethylglycoside of glucuron, 
and of the triacetylmethylglycoside of glucuronic acid methyl 
ester has been described. Both these derivatives have the struc- 
tures of orthoacetates. 

2. The synthesis of the diacetyl-p-nitrobenzylglycoside of 
glucuron, and the triacetyl-p-nitrobenzylglycoside of glucuronic 


‘ 
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acid methyl ester has been described. Both these derivatives 
have the structures of true glycosides. 


“Im 
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DERIVATIVES OF d-GALACTURONIC ACID* 


II. THE SYNTHESIS OF a-ACETOBROMO-d-GALACTURONIC ACID 
METHYL ESTER AND ITS CONVERSION TO 
B-METHYL-d-GALACTURONIDE 


By SAM MORELL, LORENZ BAUR, ann KARL PAUL LINK 


(From the Biochemistry Research Laboratory, Department of Agricultural 
Chemistry, University of Wisconsin, Madison) 


(Received for publication, June 3, 1935) 


The preparation of a-methyl-d-galacturonide from the alco- 
holysis products of a citrus polygalacturonide was reported by us 
several years ago (1, 2). Evidence presented at that time for 
an a structure was subsequently confirmed independently by 
Smolenski and Cichocki (3) and by Ehrlich and Guttmann (4). 
The latter investigators, furthermore, succeeded in obtaining a 
small quantity of the 8 form from the reaction between d-galactu- 
ronic acid and methyl] alcohol catalyzed by dimethyl sulfite. 

Recently we reported the synthesis of a-tetraacetylmethyl-d- 
galacturonate (III) from methyl-a-d-galacturonate (11) (5). The 
present communication deals with the successful application of 
the KGnigs and Knorr (6) glycoside synthesis to a hexuronic acid.! 
8-Methyl-d-galacturonide (VI) has been prepared in good yield 
from a-d-galacturonic acid (1) over the a-acetobromomethyl-d- 
galacturonate (IV). The various reactions, which may be con- 
sidered a model for the synthesis of other 8-galacturonides, in- 
cluding aldobionic acids, are illustrated structurally below. 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

' Dr. W. F. Goebel of the Rockefeller Institute, New York, who has been 
studying a similar series of reactions with d-glucuronic acid (7), has in- 
formed one of us (private communication to S.M.) that he has prepared a 
nitrobenzylglucuronide. Although Neuberg and Niemann (8) described 
the synthesis of 8-glucuronides, their work could not be~confirmed by 
Goebel and Babers (7). 
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H OH H OH H OAc 
C C C 
| | | 
| 
HO—C—H HO—C—H AcO—C—H 
| | | 
HO—C—H HO—C—H 
| | 
| | 
\ \ 
OH OCH; OCH; 
a-d-Galacturonic Methyl-a-d- a-Tetraacetylmethyl-d- 
acid galacturonate galacturonate 
II III 
Br H CH;0 H CH;0 H 
C C C 
| | | 
H—C—OAc H-—C—OH 
| 
AcO—C—H AcO—-C—-H HO——-C—-H 
| | 
AcO—-C—H AcO—C—-H 
| | 
H—C—o-—— H—C—o— | 
| | 
C= C=O C=-O 
\ 
OCH; OCH; OH 
a-Acetobromomethyl- Triacetyl-§-methyl- 8-Methyl-d- 
d-galacturonate? d-galacturonide galacturonide 
methyl] ester 
IV V VI 
2 Although this compound has been formulated with a 8 configuration, 
it has been named a in conformity with Hudson’s system of nomenclature 
(9), since it exhibits the high rotation of [a]> = +248°. Asimilar situation 
is encountered in the hexoses, where the highly dextrorotatory a-aceto- 
halogenoses are no longer considered to undergo a Walden inversion in 
forming $-glycosides. It is now believed that the strong polarity of the 
halogen merely inverts the rotation of the terminal carbon atom ((10) 
p. 64). 
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It has recently been recognized that on converting acetohalo- 
geno sugars to methylglycosides, rearrangement to an orthoacetyl 
structure often occurs. Mannose (11), rhamnose (11, 12), lyxose 
(13), ribose (14), maltose (15), and turanose (16) have thus far 
been found to undergo this transformation. When saponified 
with cold alkali, the orthoacetylglycosides retain one acetyl group, 
whereas true glycosides are completely saponified. These struc- 
tural isomers therefore can be readily distinguished from each 
other. 

When tetraacetylmethyl-d-galacturonate (III) was treated with 
acetic anhydride saturated with dry hydrobromic acid, a-aceto- 
bromomethyl-d-galacturonate (IV) was isolated in yields of over 
80 per cent. At room temperature the product gradually decom- 
posed, turning black within several weeks. However, a sample 
has been kept unchanged for over 4 months at 0°. This behavior 
indicated a normal structure (16). That no rearrangement to the 
orthoacetyl type occurred during condensation was proved by 
saponification of the methylglycoside (V) with cold alkali; it was 
found that all of the acetyl groups were quantitatively removed. 
Finally, the isolation of B-methyl-d-galacturonide is conclusive 
proof that the series of transformations from (I) to (V1) followed-a 
normal course. 


EXPERIMENTAL 


The methods used for determining analytical values and physical 
constants were identical to those formerly described ((5) p.°765). 
The halogen determinations were made with the Pregl micro- 
method.‘ | 

a-Acetobromomethyl-d-Galacturonate, 
COOCH; (IV)—3.9 gm. of a-1,2,3,4-tetraacetylmethyl-d-galac- 
turonate ((5) p. 769) were dried in vacuo for 1 hour at 100° over 
P.O;. 18.5 gm. of acetic anhydride, which were purified with 
sodium and freshly distilled, were cooled to 0° and dry HBr passed 


3 Attempts to prepare the chloro compound have thus far been unsuc- 
cessful. The general method of Pacsu (17) for converting sugar acetates 
to their chloro derivatives, by means of titanium tetrachloride, resulted in 
quantitative recoveries of the starting material. 

‘ We wish to thank our colleague, Dr. Eugene Schoeffel, for conducting 
the micro bromine analyses. 
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in until about 10 gm. had been absorbed. The acetate was added 
at once. It dissolved readily. The solution was then saturated 
with HBr at 0°; the final increase in weight due to the HBr was 
29.1 gm. The flask was stoppered with a CaCl, tube and kept 
under the hood at room temperature for 12 hours. The solution 
was then concentrated under diminished pressure at 40--45°, to a 
glassy syrup, which was dissolved in chloroform. About 1 gm. of 
charcoal and 5 gm. of anhydrous sodium sulfate were added and 
the solution kept in the ice chest for several hours. After filtra- 
tion and reconcentration at room temperature the solution erystal- 
lized spontaneously. The crystalline mass was thinned out with 
dry ether and kept in the ice chest overnight. It was filtered, 
washed with a few cc. of cold anhydrous ether, and dried in a 
vacuum desiccator over P2O;. 3.35 gm. of a white product were 
obtained, or 81 per cent of the theoretical yield. On recrystalliza- 
tion from a mixture of dry acetone and ether, the melting point 
and rotation had remained unchanged. The following properties 
were observed. 

Melting Point—129.5-130.5°. 

Rotation = +248° in v.s.p. chloroform, where c = 1.0 
per cent. 


Analysis—C,H;0,- Br- (OCCH;)3-COOCH; 
Calculated. Br 20.15, OCH; 7.82 
Found. “20.46, “ 8.03 


2,3 ,4-Triacetyl-B-M ethyl-d-Galacturonide Methyl Ester, CsH;04- 
(OCH 3) -(OCCH3)3;-COOCH3; (V)—3.95 gm. of the bromo com- 
pound described above were dissolved in 50 ec. of absolute methyl 
alcoho]. 4.0 gm. of silver carbonate were added and the solution 
shaken until a test portion showed no more precipitation with 
alcoholic silver nitrate (about 1 hour). The solution was filtered 
and concentrated under diminished pressure at 40° to dryness. 
Addition of petroleum ether and scratching the sides cf the vessel 
caused the gummy syrup to become crystalline. The crystals 
were filtered, washed with petroleum ether, and dried in a vacuum 
desiccator; 3.1 gm. were obtained, or 90 per cent of the theoretical 
yield. After successive recrystallization from 20 per cent alcohol 
(10 ce. per gm.) the melting point and rotation had not changed. 
The following constants were observed. 
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Melting Point—118-120°. 

Rotation—[a]® = +15.3° in v.s.p. chloroform where ¢ = 1.5 
per cent. No mutarotation. 

Saponification—With the acetyl method described by Kuntz 
and Hudson (18), 0.1 gm. consumed 11.3 ec. of 0.1 N alkali. The- 
ory requires 11.0 cc. for the removal of three acetyl groups and the 
methyl ester radical; if two acetyl groups were hydrolyzed (ortho- 
acetate type) only 8.23 cc. would have been required. It is 
evident therefore that the glycoside has a normal structure. 


Analysis—C;H;O,4: (OCH;) - (OCCH;)3-COOCH; 
Calculated, OCH; 17.82; found, OCH; 17.55 


B-M ethyl-d-Galacturonide, CsHs0,-OCH3-COOH (VI)—2.62 gm. 
of the triacetyl-8-methyl-d-galacturonide methyl ester described 
above were dissolved in 25 ec. of acetone. 150 cc. of a saturated 
barium hydroxide solution (0.242 N) were added in drops (about 
30 minutes), while a stream of nitrogen was bubbled through the 
solution to agitate it and prevent the formation of barium carbon- 
ate. The flask was stoppered and kept at room temperature for 
30 minutes. 2.75 gm. of oxalic acid,® dissolved in about 50 cc. of 
water, were then added slowly while the flask was rotated. After 
having been cooled in the ice chest for several hours, the precip- 
itated barium oxalate was removed and the solution concentrated, 
at 35-40° under 5 mm. pressure, to a thin syrup. More barium 
oxalate and some oxalic acid separated while the solution was being 
concentrated. About 50 ec. of absolute methyl alcohol were 
added and the solution cooled in the ice chest overnight. It was 
then filtered and concentrated at room temperature to a syrup 
which erystallized spontaneously. The crystals, fine clusters of 
needles in agreement with Ehrlich and Guttmann’s description 
(4), were thinned out with 95 per cent ethanol and kept at 0° for 
12 hours. After being filtered and washed with about 10 ec. of 
acetone, to remove any traces of oxalic acid, the snow-white 
preparation was dried over P.O; in a vacuum desiccator; 1.01 gm. 
were obtained, which was 60 per cent of the theoretical yield. 


5 This quantity represents an excess of about 0.4 gm. It was found that 
when the theoretical amount of oxalic acid was added, the barium was not 
completely removed as barium oxalate. The slight excess of oxalic acid 
could be removed easily by washing the final preparations with acetone. 
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(From the mother liquor more crystals separated which were not 
weighed.) Analysis showed that the compound was the mono- 
hydrate of 6-methyl-d-galacturonide. Although its rotation was 
within one degree of that reported by Ehrlich and Guttmann (4), 
the melting point was appreciably higher than their value of, 
“it sinters at 126° and melts with decomposition at 134°’ ((4) p. 
227). With rapid heating the hydrate sintered within the range 
of 125-135° and melted at about 160°; when heated slowly the 
sintering stage was not noticed. Large crystals of the hydrate 
recrystallized slowly from 95 per cent ethyl alcohol melted at 
163-165°, whereas small crystals, formed rapidly from acetone, 
melted at 159-161°. Since the melting point of the hydrate 
varied, the value cited below is for the anhydrous form.’ After 
successive recrystallization from alcohol and acetone, the rotation 
and melting point had remained unchanged. The following con- 
stants were observed. 

Water of Crystallization—When dried over P2O; for 3 hours at 
78° and 5 mm. pressure, the compound lost 8.08 per cent of its 
weight; CsHs0,-OCH;-COOH-H2O requires a loss of 7.97 per 
cent. 

Melting Point—When heated at the rate of 6° per minute the 
anhydrous compound melted at 163-165° to a slush which decom- 
posed gradually with the evolution of gas and became very charred 
at about 180°. | 

Rotation—For the monohydrate [a]? = —39.6° in water where 
c = 1.5 to 2.0 per cent. No mutarotation. For the anhydrous 
form, therefore, [a]? = —43.0°. 

Analysis—C,;H ;0,-OCH;-COOH 


Calculated. OCH; 14.92, neutralization equivalent 48.2 cc. 0.1 alkali 
Found. “14.66, 26" 01° “ 


SUMMARY 


The conversion of d-galacturonic acid to 8-methyl-d-galacturo- 
nide by means of the Kénigs and Knorr glycoside synthesis has 
been completed. 

a-Acetobromo-d-galacturonic acid methyl ester has been pre- 


6 Ehrlich and Guttmann (4) gave no melting point for the anhydrous 
form. 
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pared from the corresponding tetraacetate. When the aceto- 
bromo compound was treated with methyl alcohol and silver 
carbonate, triacetyl-8-methyl-d-galacturonide methyl ester was 
formed. The latter yielded B-methyl-d-galacturonide on saponi- 
fication. All of the compounds were obtained crystalline in good 
vields. 


SEO Om 
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THE ISOLATION AND CHARACTERIZATION OF A STARCH 
POLYSACCHARIDE FROM THE WOODY TISSUE 
OF THE APPLE TREE (MALUS MALUS)* 


By CARL NIEMANN, R. H. ROBERTS, anp KARL PAUL LINK 


(From the Biochemistry Research Laboratory, Department of Agricultural 
Chemistry, and the Department of Horticulture, University of 
Wisconsin, Madison) 


(Received for publication, June 3, 1935) 


It has been recognized for a long time that starch is present in 
the tissues of trees (1-5) and that it may be stored in the cells of 
the cortex, pith, wood and phloem parenchyma, and medullary 
rays (3-7). In view of the extensive investigations dealing with 
the storage and translocation of starch in trees (1-10) it is signifi- 
cant that a detailed chemical characterization of an isolated wood 
starch has not been reported. Since the physical methods com- 
monly used for isolating starch from tubers and cereals (1, 4, 11— 
13) cannot be applied to woody tissue, it is practically impossible 
to obtain wood starch in its natural granular form. However, the 
starch can be isolated in an amorphous condition with the aid of 
dispersing agents (11). Denny (14) and Hopkins (15) have 
recently reviewed those methods wherein mineral acids or salt 
solutions are used for this purpose. We have found that hot 
dilute ethanol can also be used to disperse the starch after the 
plant tissue has been suitably pretreated with an acid-alcohol 
reagent (16).! 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

Supported in part by grants from the University Research Fund. 

1 In this procedure the starch-containing tissue is refluxed for 30 minutes 
with a solution of 85 per cent ethanol containing 1 per cent nitric acid. 
During this time the starch granules remain intact within the cells but a 
considerable portion of the tissue is removed by solution in the reagent. 
Although the starch granules are neither destroyed nor removed by the 
treatment, their envelopes appear to have been weakened? possibly by an 
incipient rupture at the hilum (17, 18). When the acid-alcohol-treated 
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With the latter procedure we have been able to isolate an amor- 
phous starch polysaccharide from the woody tissue of the apple 
tree (Malus malus). The crude starch polysaccharide, as isolated, 
was not homogeneous and was contaminated with pigmented 
particles which gave the preparation a reddish cast. The major 
portion of the crude polysaccharide was readily soluble in warm 
water, while the remainder became gelatinous and did not dissolve 
even in boiling water. 

The crude amorphous starch polysaccharide was freed of its 
water-insoluble portion and the characterization performed on the 
water-soluble material, designated below as “‘purified wood starch 
polysaccharide.” It is probable that the original amorphous 
starch preparation contained, as might be expected (11), a mixture 
of a- and B-amylose. The water-soluble fraction would therefore 
correspond to a crude B-amylose and the water-insoluble fraction to 
a-amylose. 

The purified wood starch polysaccharide was isolated in the form 
of an amorphous white powder soluble in warm water or anhydrous 
formamide. Its aqueous solution possessed but slight reducing 
power and on treatment with iodine an intense pure blue color was 
produced. The small amount of erythrodextrin present in the 
purified preparation was undoubtedly produced during the course 
of its isolation. Elementary analysis of the starch polysaccharide 
gave values agreeing with those calculated for a compound of the 
type (CsHi.0;)z. The specific rotation was [a]? = +185°, in 
formamide, and [a]% = +190°, in water. Taylor and Iddles 
report a mean value of +186.7° for an aqueous solution of the 
B-amylose component of maize starch (19). Acetylation yielded a 
triacetate with a specific rotation of [a]? = +168°, in chloroform. 
This constant compares favorably with those previously given for 
the specific rotation of starch triacetates (20-22). The wood 
starch polysaccharide regenerated from its triacetate by the 
method of Bergmann and Knehe (23) possessed the same constants 


tissue is refluxed with 20 per cent ethanol the weakened granules do not 
swell but rupture and then disperse in the aqueous ethanol mixture. This 
solution containing the dispersed starch polysaccharide is separated from 
the tissue residue by filtration and from this neutral and salt-free extract 
the starch is recovered in an amorphous condition by precipitation with 95 
per cent ethanol. 
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as before acetylation. The specific viscosity of a 1 per cent aque- 
ous solution at 35° was 1.20. Taylor and Beckmann (18) give 
the value 1.08 for the specific viscosity of B-amylose determined 
under identical conditions.” 

Additional information concerning the structural nature of the 
wood starch polysaccharide was obtained through a series of 
hydrolytic studies. The polysaccharide was subjected to an 
alcoholysis according to Hibbert and Barsha (25); a-methyl-d- 
glucoside was isolated in good yields, establishing the presence of 
d-glucose as the chief constituent. Dilute acid hydrolysis yielded 
a solution whose reducing power, calculated as glucose, was 96.1 
per cent of that required for a theoretical yield. The equilibrium 
rotation of the hydrolysate was [a]? = +60.5°, in good agree- 
ment with that given for the hydrolysis of pure specimens of 
B-amylose (26). The presence of d-glucose in the hydrolysate was 
established by the formation and characterization of the phenylosa- 
zone. The kinetics of the hydrolysis in 5 N sulfuric acid were 
studied at 80° and 90°. The constants found were Kgo = 1.5 X 
min.—' and Kg = 5.1 X min.—'. As a control the 
hydrolysis of an amorphous potato starch was studied under the 
same conditions and the value Kg = 4.5 XK 107? min.~! was 
obtained. Freudenberg (27) has determined the kinetics of the 
hydrolysis of starch in 50 per cent sulfuric acid at 18° and 30°. 
Under these conditions he found = 1.19 1074 and 
K30 = 8.60 X 10-4 min.—!. In order to compare the constants 
determined under our experimental conditions with those given by 
Freudenberg (27) it was necessary to extrapolate our values to a 
concentration of 50 per cent sulfuric acid and to temperatures of 
18° and 30°. To achieve this, the experimentally determined 
temperature coefficient and the stoichiometrical activity coefh- 
cients of aqueous sulfuric acid solutions as given by Harned and 
Hamer (28) were employed. In the calculation it was assumed 
that the hydrolysis constant was a linear function of the hydrogen 
ion concentration and that the presence of starch has no effect upon 
the activity of the sulfuric acid. While these assumptions are 
not strictly true the errors involved in their use do not appreciably 
alter the numerical value of the results. The transposed values 


? Beckmann (24), however, reports a value of 1.20 for a specimen of B- 
amylose that had been precipitated from an opalescent solution. 
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were = 1.77 X 1074 min. and = 5.48 &K 1074 min.~, 
Considering the inherent error involved in this extrapolation, the 
agreement with Freudenberg’s values (27) is good; which brings 
out the significant fact that the wood starch polysaccharide is 
hydrolyzed at practically the same rate as common starches. The 
magnitude of these constants indicates that we are dealing with the 
cleavage of polypyranosides. 

Enzymatic hydrolysis of the wood starch polysaccharide with 
barley malt diastase yielded a digest whose reducing power, when 
calculated as maltose, was 106.4 per cent of the theoretically 
anticipated amount. While this value is high, it is not inconsistent 
with previous experiences (11, 29). The presence of maltose in 
the digest was established by the isolation and characterization 
of the phenylosazone. The kinetics of the enzymatic hydrolysis 
of the wood starch polysaccharide and a potato starch polysaccha- 
ride were studied under comparable conditions. The velocity 
constants for the wood starch polysaccharide were K37 = 2.0 X 
10-* min.~! and Ky; = 6.2 X 107% min.~—; for the potato starch 
polysaccharide K3; = 1.9 X 107* min.—' and Ay; = 6.2 10 
min.~}, 

The results of this study show that the starch polysaccharide 
isolated from apple wood is essentially identical to a B-amylose 
prepared from common cereal and tuber starches. 


EXPERIMENTAL 


All analytical constants and rotations reported were calculated 
on the ash- and moisture-free basis. The melting points were 
determined in a Thiele apparatus equipped with an enclosed scale 
thermometer and are reported uncorrected. 


Treatment of Wood Prior to Extraction of Starch Polysaccharide 


Mature branches, from 5 to 8 cm. in diameter, were collected 
during the latter part of January, 1931. The bark was removed 
and after suitable drying, the wood was reduced to sawdust which 
was then ground in a Wiley mill, to a state of subdivision where it 
passed a 60 mesh but was retained on a 100 mesh standard screen. 
2 kilos of the ground wood meal, containing approximately 4 per 
cent starch, were exhaustively extracted in a Soxhlet extractor 
with a mixture of benzene (2 volumes) and ethanol (1 volume). 
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The solvent was removed from the tissue by drying at room tem- 
perature in a rapid stream of air. The tissue was then treated 
with 1 per cent nitric acid in 85 per cent ethanol in the following 
manner. 25 gm. of the benzene-ethanol-extracted residue were 
treated with 1 liter of the acid-alcohol solution at refluxing tem- 
perature for 25 minutes. The residue was recovered by filtration 
and again subjected to the same treatment. After the second 
extraction the residue was collected on a suction filter and freed 
of nitric acid by washing it repeatedly with hot 85 per cent ethanol. 
The residual alcohol remaining in the tissue was removed by dry- 
ing at room temperature. 


Extraction and Purification of Starch Polysaccharide 


2 liters of boiling 20 per cent ethanol were added to 250 gm. of 
the acid-alcohol-treated tissue and the resulting suspension heated, 
with occasional stirring on a steam bath, for 20 minutes. The 
reaction mixture was then filtered, while hot, and the residue 
extracted again under the same conditions. The filtrates from 
the two extractions were combined and concentrated under 
diminished pressure (15 mm.) at 35° to approximately 150 ce. 
The concentrate was filtered through an asbestos mat and the 
filtrate poured, with stirring, into 2 liters of 95 per cent ethanol. 
The precipitated polysaccharide was collected on a suction filter, 
washed with absolute ethanol, and dried in a vacuum desiccator 
over calcium chloride. The product thus obtained (65 gm.) was a 
reddish amorphous powder containing a number of highly pig- 
mented particles. The crude preparation was further purified in 
the following manner. 10 gm. of the crude material were dis- 
persed in 200 ec. of warm (60°) water containing 80 gm. of ammo- 
nium thiocyanate through the use of a high speed stirrer. 2 gm. 
of filter cell and 4 gm. of norit were then added to the turbid solu- 
tion. The resulting suspension was centrifuged to remove the 
filter cell and some of the decolorizing carbon. The supernatant 
liquid resulting from this centrifugation was passed through a 
Sharples supercentrifuge until the solution was free from carbon. 
The colorless polysaccharide solution-was then passed through a 
Seitz germicide-EK filter and the filtrate poured, with stirring, 
into 3 volumes of a 1:1 acetone-ethanol mixture. The precipi- 
tated starch polysaccharide was collected by centriffigation and 
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washed, first with 95 per cent ethanol and then with acetone. It 
was then suspended in acetone and the suspension poured into an 
alundum extraction thimble, the latter introduced into a Soxhlet 
extractor, and extracted with acetone for 24 hours. The starch 
polysaccharide was then removed, dried in vacuo over calcium 
chloride, finely powdered, and again extracted with acetone until 
the polysaccharide was freed of thiocyanate, as indicated by the 
ferric iron reaction. The dry product obtained was soluble in 
warm water and formamide, possessed little or no reducing power, 
and in aqueous solution, when treated with iodine, a pure blue 
color was produced. The polysaccharide contained xylan, char- 
acterized qualitatively by the Bertrand reaction (30) and showed 
the value of 3.7 per cent by the quantitative method of Peter, 
Thaler, and Teufel (31). The ash content was 0.60 per cent. The 
presence of a small quantity of erythrodextrin was indicated by 
Small’s reaction (32). The following constants were observed for 
this preparation. 

Rotation—|a|” = +185.0° + 1° (in formamide, ¢ = 1.0 per 
cent). [a] = 4+190.0° + 2° (in water, ¢ = 0.6 per cent). 

Specific Viscosity—n/no = 1.20 (at 35° in water, ¢ = 1.0 per 
cent). 


Calculated. C 44.4,H 6.1 
Found. “44.0, 6.0 


Acetylation of Starch Polysaccharide 


5 gm. of the air-dried polysaccharide were acetylated according 
to the procedure described by Haworth, Hirst, and Webb (20). 
The triacetate thus obtained (6.5 gm.) was soluble in chloroform, 
acetone, and dioxane. The preparation possessed the following 
constants. 

Rotation—|[a]? = +168.0° + 1° (in chlofoform, ¢ = 3.9 per 
cent). 


Analysis—(CsH7O;(CH;CO);),. Calculated. C 50.0, H 5.6 
Found. 49.4, 5.9 


Regeneration of Starch Polysaccharide from Its Triacetate 


4 gm. of the triacetate (above) were converted into the free 
polysaccharide by the method of Bergmann and Knehe (23). 
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The product obtained was practically free of pentosan and con- 
tained 2.45 per cent ash, mainly sodium carbonate derived from 
the sodium acetate formed in the deacetylation. The regenerated 
polysaccharide was readily soluble in warm water and gave the 
characteristic iodine reaction. This purified starch polysaccharide 
had the following physical and analytical constants. 

Rotation—[a] = +186.0° + 1° (in formamide, c = 1.8 per 
cent). [a]24 = +190.0° + 2° (in water, c = 0.9 per cent). 


Analysis—(CsH100s)z. Calculated. C 44.4, H 6.1 
Found. ‘* 43.5, “* 6.2 


Acid Hydrolysis of Starch Polysaccharide 


Complete Hydrolysis—Approximately 2.0 gm. of the polysaccha- 
ride were heated with 2.5 per cent sulfuric acid for 3 hours (e.¢., 
refluxing). Under these conditions the yield of reducing sugars, 
calculated as glucose (29), was 96.1 per cent of that required for a 
theoretical yield. A specimen of potato starch gave under identi- 
cal conditions a yield of 98.1 per cent of the theory. The specific 
rotation of the hydrolysate was found to be [a]® = +460.5°. 
Aside from a trace of xylose the only sugar present was d-glucose 
which was characterized as the phenylosazone. The physical 
and analytical constants of this derivative are given below. 

Melting Point—The recrystallized compound melted at 205—206° 
with decomposition and a mixed melting point with an authentic 
specimen of d-glucosazone showed no depression. 


Calculated. N 15.64 
Found. ** 15.48 


Complete Alcoholysis (25)—2 gm. of a vacuum-dried sample of 
the starch polysaccharide were treated in a sealed tube with 75 cc. 
of absolute methyl alcohol containing 1 per cent of hydrogen 
chloride for 48 hours at 125°. After removal of the excess hydro- 
gen chloride the solution was decolorized and concentrated to 
dryness under diminished pressure. The residue (OCH;, 15.98) 
was then fractionated by recrystallization from hot ethanol, 
whereupon a pure specimen (1 gm.) of a-methyl-d-glucoside was 
obtained, as shown by the following constants. 
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Melting Point—The glycoside melted at 165°. 


Analysis—C7H,,0¢. Calculated. OCH; 15.98 
Found. 15.97 


Kinetics of Acid Hydrolysis—The kinetics of the hydrolysis of 
the starch polysaccharide were studied at 80° and 90° in an aque- 
ous solution which was 5 N in sulfuric acid and approximately 1 
per cent in starch content. The rate of hydrolysis was followed 
by determining the liberated reducing groups with the alkaline 
hypoiodite method of Willstitter and Schudel (33) as modified by 


TABLE 
Kinetics of 5x Acid Hydrolysis 


Kew Kw min.“! Keo 


1.5 X 107? 3.40 


Apple wood starch polysaccharide.| 5. 
Potato starch polysaccharide*....| 4 


* The potato starch polysaccharide was prepared by treating ‘‘Prima 
grade’’ commercial potato starch with the alcoholic-nitric acid reagent and 
then carrying the preparation through the same procedure of purification 
as used for the apple wood polysaccharide. The velocity constants of the 
hydrolysis of this starch preparation in 5 N sulfuric acid were determined 
at 80° and 90° but at the lower temperature the constant showed a very 
decided drift. Upon examination of the reaction mixture a noticeable 
precipitation of some of the previously dissolved material had occurred, 
thereby introducing a secondary reaction. In view of these disturbing 
circumstances an exact value of the constant was not obtainable but the 
order of magnitude can be given as 1 X 10-? min. ~! with a reasonable degree 
of certainty. 


Baker and Hulton (34). It was found that the data could be 
reduced to a first order equation whose constants are given in 
Table I. 


Enzymatic Hydrolysis of Starch Polysaccharide 


Complete Hydrolysis—Approximately 2.500 gm. of the air-dried 
polysaccharide were dissolved in 100 cc. of water by boiling the 
solution until the dispersion was complete. 20 cc. of a 0.1 M 
sodium acetate-acetic acid buffer solution (pH 4.5) and 40 ce. of a 


5x 107? | | 
XUM 
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barley malt diastase solution? were added to the starch solution 
which had been cooled to 20° and the final volume adjusted to 200 
ec. The resulting solution was then maintained at 47° for 72 
hours. At the end of this time the reaction was stopped and the 
hydrolysate made up to 250 cc., filtered through a dry paper, and 
the reducing power determined by the Munson and Walker pro- 
cedure (30). On calculating the reducing power in terms of 
maltose, a yield of 106.4 per cent of the theory was obtained. The 
major product of the hydrolysis was characterized as maltose 


TABLE II* 
Kinetics of Enzymatic Hydrolysis at pH 4.6 


| Kn min.“1 Ky min.“ 


Apple wood starch polysaccharide... ... | 2.0 X 1073 6.2 1073 
Potato starch polysaccharidef.......... | 1.9X 10° 6.2 x 1073 


* Because of the great difficulty in reproducing a crude enzyme prepara- 
tion (e.g., barley malt diastase) in which the concentrations of all of the 
constituents are comparable these values are not absolute but relative. 
For this reason, since the hydrolyses at 37° and 47° were conducted with 
enzyme solutions prepared at different times, no great significance is given 
to the observed temperature coefficient of the reaction. 

+t See foot-note to Table I. 


through its phenylosazone derivative prepared and purified accord- 
ing to the directions given in Browne (30). This derivative upon 
microscopic examination showed the typical clusters of prismatic 
needles characteristic of maltose and possessed the following 
analytical constants. 


Analysis—C2sH3:0,N,4. Calculated. N 10.80 
Found. “11.12 


Kinetics of Enzymatic Hydrolysis—-The kinetics of the enzymatic 
hydrolysis of the wood starch polysaccharide were studied at 37° 
and 47° in an aqueous solution buffered to a pH of 4.5. An amount 
of the air-dried material equivalent to 2.000 gm. of the moisture- 


3’This was prepared as follows: 100 gm. of freshly ground barley malt, 
having a diastatie power of 130°, Linter, were stirred with 400 cc. of water at 
room temperature for 30 minutes. The suspension was then centrifuged, 
the supernatant liquid decanted, filtered, and the volume adjusted to 300 ec. 
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and ash-free polysaccharide was dissolved in 100 cc. of water by 
boiling the solution for 5 minutes. When the starch solution had 
cooled to 20°, 20 ce. of a 0.1 mM sodium acetate-acetice acid buffer 
and 40 cc. of a barley malt diastase solution® were added and the 
volume of the resulting mixture made up to 200 ce. The solution 
was then maintained at the desired temperature, and the liber- 
ated reducing groups determined at suitable intervals by the iodo- 
metric procedure of Baker and Hulton (34). During the first 
stages of the hydrolysis, both at 37° and 47°, a fair agreement with 
a first order equation was obtained but during the later phases of 
the reaction this relationship vanished. Therefore, in calculating 
the velocity constants 50 per cent hydrolysis was considered as the 
final or equilibrium value. The data in reduced form are pre- 
sented in Table II. 


SUMMARY 


A starch polysaccharide has been isolated from the woody tissue 
of mature branches of the apple tree (Malus malus). This poly- 
saccharide was found to be essentially identical in structure to the 
B-amylose present in the common cereal and tuber starches. 


The authors are indebted to Dr. Arthur B. Anderson for assist- 
ance in the preliminary isolation studies, and to Dr. Eugene 
Schoeffel and Mr. Robert Harrower for some of the analytical 


determinations. 
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OF TWO AMYLASES OF BARLEY MALT 


By M. L. CALDWELL anp S. E. DOEBBELING 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, June 14, 1935) 


The experiments discussed briefly here give additional evidence 
to that previously reported (1-6) for the presence of two distinct 
amylases in extracts of barley malt by showing that they may be 
simultaneously concentrated in different fractions obtained from 
the same extracts without appreciable losses of activity of either 
at any given stage. 

The preparations obtained are similar in certain respects to the 
a- and B-amylases which have been reported by other investigators 
such as Kuhn (7) and Holmberg (6) but differ in other respects. 
Because of this finding, and the confusion in the literature over 
the terminology (1, 2, 7), we refrain at this time from the use of 
these terms. The preparations discussed here appear to be more 
highly purified than any previously reported and do not exhibit 
the differences, either in conditions which favor their action or in 
stability upon heating in aqueous solution, which have been 
reported for less highly purified products (2, 5, 6). The data so 
far obtained also do not indicate the necessity for the presence of 
unknown activating agents, so called kinases (5, 8). 


EXPERIMENTAL 


Fractionation—The method for obtaining one type of prepara- 
tion from extracts of barley malt! has already been described (9). 
It consists of repeated fractionations by ammonium sulfate with 
intervening dialyses, followed by fractional precipitation with alco- 
hol. The final products of the process have exceedingly high activ- 
ity as judged by the weight of maltose formed from starch in 30 


1 Barley malt of high diastatic activity was kindly supplied by Messrs. 
A. Schwill and Company through the courtesy of Mr. Robert Schwartz and 
Mr. Oscar Ruh. 
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minutes at 40° (10-12), but only negligible activity when judged 
by the weight of starch hydrolyzed to products which give no 
blue color with iodine, as determined by a modification (13) of the 
Wohlgemuth method (14). Thus, of two types of amylase activ- 
ity found in the original malt extracts, one is markedly concen- 
trated in, while the other is practically eliminated from these 
preparations. 

Renewed study of the purification process, with examination 
of each fraction for both kinds of activity, showed that the amylo- 
clastic activity tends to be concentrated in the earlier stages of 
the refractionation with ammonium sulfate and in the precipitates 
formed by the lower rather than the higher concentrations of 
alcohol. These fractions, which had previously been discarded 
because their activity was low when judged by the weight of 
maltose formed from starch in 30 minutes at 40° (12), are now 
found to represent 10- to 30-fold concentrations of the amyloclastic 
activity (13) of the malt extracts. Moreover, quantitative meas- 
urements of both types of activity, based upon the total volumes 
and solids of the solutions, show no appreciable losses of either 
activity at any given stage in the process. This constitutes strong 
evidence that the two types of products represent the concentra- 
tion of two distinct amylases and not merely manifestations of 
different properties of the same enzyme under different treatments 
or conditions. 

Activities—In studying the purified products, the usual 30 
minute measurements of activity (12) already referred to, which 
were used to follow the fractionation of the amylases, were supple- 
mented by quantitative comparisons of their action throughout 
the course of the hydrolysis of starch. ‘These were carried out as 
follows: 

2 per cent starch, adjusted to pH 4.5 and*0.01 m acetate (12), 
was brought to 40° and poured upon the enzyme solution in a 
flask. After being rotated gently to insure thorough mixing, the 
flask was placed in a thermostat regulated to 40° and kept there 
throughout the reaction. 

At definite time intervals, 10 cc. portions of the hydrolysis 
mixture were withdrawn and delivered into a flask which was 
immediately plunged into rapidly boiling water and kept there 
for exactly 2 minutes. After rapid cooling under running water 
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and dilution with 90 cc. of distilled water, the reducing action was 
determined by a Fehling’s gravimetric method (10, 12). 

As nearly simultaneously as possible with the removal of the 10 
ce. portions for the saccharogenic measurements (immediately 
before and immediately after), 1 ce. aliquots of the hydrolysis 
mixture were withdrawn for amyloclastic activity measurements 


=) 
T 


2 
CURVE 4 


STILL 
WITH IODINE 


<—RED WITH IODINE 


Mo. MALTOSE IN 10 cc. ALIQUOTS 


0 30 60 90 120 150 180 
TIME IN MINUTES 


Fic. 1. Typical data showing the earlier stages of the course of the hy- 
drolysis of starch when catalyzed by two amylases of barley malt. Activity 
is expressed as maltose formed from 2 per cent starch in the presence of 
0.01 M acetate at pH 4.5 and 40°. Curve 1, preparation of malt amylase 
typical of the highly active final products of the purification process; Curve 
2, preparation of malt amylase typical of those with a preponderance of 
high initial amyloclastic activity. 


and delivered into test-tubes. After dilution with approximately 
10 cc. of water, 1 drop of 0.1 N iodine in potassium iodide was 
added from a dropping bottle and the resulting colors compared 
with the Milton Bradley color standards (15). Aliquots for meas- 
urements of both types of activity were taken rapidly during the 
stages when the color with iodine was changing from blue to red. 
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As the main interest centered in the earlier stages of the reactions, 
no toluene was added to these solutions. Precautions were taken 
to minimize evaporation at all stages. 

Typical data showing the course of the hydrolysis of starch 
when catalyzed by the two types of amylase preparations are 
summarized in Fig. 1. Here, the reducing values of the hydrolysis 
mixtures, expressed as maltose, are plotted against time. The 
data are comparable, as the starch was hydrolyzed under exactly 
the same conditions in both cases, and, furthermore, the propor- 
tions of starch and enzyme were so adjusted that the same weight 
of maltose was formed in the same time at some point in the 
hydrolysis (118 mg. of maltose in 78 minutes). The reaction 
mixtures were both adjusted to pH 4.5 which had been found to 
permit optimal activity of both amylases under the conditions 
used ((12); also later section of this report). 

The data summarized in Fig. 1 show that the two amylases 
catalyze the hydrolysis of starch in a different manner. In one 
case (Curve 1), maltose is formed rapidly at first but soon ap- 
proaches a maximum and then increases only gradually. In the 
other case (Curve 2), maltose appears more slowly at first but its 
formation is more sustained. Beyond the time at which the same 
weight of maltose was formed in the two reaction mixtures, higher 
values for maltose were obtained with the amylase represented in 
Curve 2 than with that represented in Curve 1. This makes it 
evident that the relative saccharogenic activities of the two amy- 
lases will depend upon the time interval in the hydrolysis chosen 
for the comparison. 

The relation between maltose production and color with iodine 
in the two types of reaction mixtures is also instructive. The 
rapid formation of maltose in the early stages of the hydrolyses 
represented by Curve 1 (Fig. 1) is accompanied by a lagging of 
products which give a blue color with iodine, which, if taken alone, 
would give a misleadingly low impression of the activity of the 
amylase. On the other hand, the slower production of maltose 
in hydrolyses catalyzed by the amylase represented in Curve 2 is 
accompanied by the rapid disappearance of products which give a 
blue color with iodine. Some typical data follow. 

With the reaction mixture represented by Curve 1, the following 
results were obtained: blue with iodine at 30 minutes and 106 mg. 
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of maltose per 10 cc.; approaching the red end-point with iodine 
at 1300 minutes and 154 mg. of maltose per 10 cc.; no color with 
iodine at 2700 minutes and 187 mg. of maltose per 10 cc., which is 
approximately 89 per cent of the theoretical yield? of maltose. 

With the reaction mixture represented by Curve 2, the following 
results were obtained: clear red color with iodine in 30 minutes 
and 65 mg. of maltose per 10 cc.; no color with iodine in 45 minutes 
and 85 mg. of maltose per 10 cc.; 209 mg. of maltose per 10 cc., in 
1300 minutes. This represents the theoretical yield* of maltose. 

A further comparison at the stage at which the two reaction 
mixtures just failed to give a blue color with iodine showed that 
the preparation represented by Curve 2 had hydrolyzed 1000 times 
its weight of starch and formed 337 times its weight of maltose in 
30 minutes at 40° at a dilution of 1 part to 51,000; while the prep- 
aration represented by Curve 1 had hydrolyzed 6349 times its 
weight of starch and formed 4894 times its weight of maltose at a 
dilution of 1 part to 318,250 but had required 1300 instead of 30 
minutes to reach this stage. It is evident that these typical prep- 
arations represent the concentration of two different amylases. 
Apparently, also, the former has not yet been as completely sepa- 
rated from inert material as the latter. For this reason, the de- 
tails of the fractionation are omitted at this time. 

Influence of Hydrogen Ion Activity—Several investigators, in- 
cluding Ohlsson (2) and Holmberg (6), have reported that the 
hydrogen ion activity which affords optimal amylase action 
differs for the two amylases of barley malt. The values found 
best by these and other investigators are, however, not in agree- 
ment (11, 12, 16-18) and may not be comparable as they were 
obtained under different conditions and in the presence of different 
buffers. 

A brief summary is given here of a study of this point, made 
under conditions which differed only in the hydrogen ion activities 
of the reaction mixtures and in the use of preparations of malt 
amylase of different degrees of purification and separation from 
each other. 

2 per cent starch containing a total concentration of 0.01 m 
acetate ion (12) was used in all cases. The starch was adjusted to 


2 The weight of the starch multiplied by 1.05 is taken as the theoretical 
value of maltose. 
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different pH values by changes in the proportions of equimolar 
acetic acid and sodium acetate. The pH values included pH 4.5 
which had been found (12) to permit optimal action of the amylase 
with the high initial saccharogenic activity and pH 5.3 which is 
representative of the pH values found favorable by other investi- 


<—CURVE 1 


Mc. MAL TOSE 


[20 MG. MALTOSE 


_— 
—— 


38 42 46 50 54 58 42 66 
pH 


Fig. 2. Typical data showing influence of hydrogen ion activity upon 
the saccharogenic activities of highly purified preparations of two amylases 
of barley malt. Activity is expressed as maltose formed from 2 per cent 
starch in the presence of 0.01 M acetate in 30 minutes at 40°. Curve 1, malt 
amylase preparation with preponderance of high initial saccharogenic 
activity; Curve 2, malt amylase preparation with preponderance of high 
initial amyloclastic activity. 


gators for the malt amylase which exerts the high initial amylo- 
clastic activity. 

Comparable measurements of the so called saccharogenic and 
amyloclastie activities of the amylases were made at a given time 
interval in the usual manner (12, 13) in which the amylases re- 
acted with equal portions of the starch at different pH values for 
periods of 30 minutes at 40°. The influence of hydrogen ion 
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activity was also studied throughout the course of the hydrolysis 
of starch as catalyzed by the two amylases. In this case, the 
reaction mixtures were held at 40° for several hours and measure- 
ments made at frequent intervals by removing aliquots and meas- 
uring them for both types of activity as described above. 

Fig. 2 summarizes typical data for the influence of hydrogen 
ion activity upon the saccharogenic activities of two highly puri- 
fied preparations of malt amylase which show a marked prepon- 
derance of one or the other type of amylase activity. Curve 1 
represents data for a preparation with high initial saecharogenic 
and low initial amyloclastic activity, while Curve 2 represents 
data for a preparation with low initial saccharogenie and high 
initial amyloclastie activity. It is seen that in both cases the 
saccharogenic activity is favored by hydrogen ion activities cor- 
responding to pH values of 4.3 to 4.6. 

The preparations used in this work probably do not represent 
a complete separation of the two amylases. This ideal appears to 
be more nearly approached in the products with a preponderance 
of the high initial saccharogenic activity than in those in which 
the high initial amyloclastic activity predominates. For this 
reason, the saccharogenic activity measured as described above 
is probably, at least in the latter case, due to the action of both 
amylases. Even if this objection is accepted, the data given in 
Fig. 2 definitely disprove the idea that the saccharogenic dctivities 
of these two amylases are favored by different hydrogen ion 
activities. 

The amyloclastic action (13) of the amylase with high initial 
amyloclastic activity is also favored by hydrogen ion activities 
corresponding to pH values of 4.3 to 4.7. This is shown by the 
following typical data in which the micrograms of enzyme prepara- 
tion necessary to cause the hydrolysis, to products which give no 
blue color with iodine, of 5 ec. of 1 per cent starch in 30 minutes at 
40° are given with the corresponding pH values: 14.2 micrograms 
at pH 4.2, 10.6 micrograms at pH 4.3, 4.4, 4.5, 4.6, and 4.7, 12.0 
micrograms at pH 4.9, and 13.0 micrograms at pH 5.2. 

Similar measurements were not feasible with the preparations 
of high initial saccharogenic activity, as the action thus studied 
is negligible in these products. 

Data for the influence of hydrogen ion activity upon the course 
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of the hydrolysis of starch as catalyzed by the amylases of malt are 
omitted for the sake of brevity but show conclusively that pH 4.5 is 
also more favorable to the action of both amylases throughout the 
entire reaction than pH 5.3 which had been recommended by some 
previous investigators. 

Stabilities—The results of an extensive series of experiments 
with amylase solutions of different degrees of purification show no 
measurable differences (2) in the stabilities of the two amylases 
of barley malt upon being heated in aqueous solution after partial 
purification. The extent of the losses is in both cases influenced 
by such factors as accompanying impurities, degree of dilution, 
and the time and temperature of heating. 

The following results are typical. When a dilute extract of 
barley malt (40 mg. of solid per 100 cc.) was held at 70° for 10 
minutes (2), it lost 90 per cent of its saccharogenic and 70 per cent 
of its amyloclastic activities. More concentrated extracts, simi- 
larly treated, showed no measurable activity of either kind, 
probably due to a carrying down of remaining active material 
with coagulated proteins. A solution which contained 0.05 mg. 
per cc. of a preparation which exhibited approximately 30-fold 
concentration of both activities over those of the original malt 
extract gave no evidence of either kind of activity after being held 
at 70° for 2 minutes. When this solution was held at lower tem- 
peratures for definite time intervals no measurable differences in 
the losses of the two activities were observed. 


SUMMARY AND CONCLUSIONS 


A method has been developed for the separation and simulta- 
neous concentration of two amylases in different fractions obtained 
from the same extracts of barley malt without appreciable losses 
of either type of activity at any given stage, This constitutes 
additional and direct evidence for the presence of two distinct 
amylases in such extracts. 

After purification, both amylases rapidly lose their activities 
upon being heated in aqueous solutions and exhibit no marked 
differences in this property. 

Both types of highly purified products are free from carbohy- 
drate but give positive protein color reactions. 

Comparative studies of the course of the hydrolysis of starch 
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hy the two types of purified products make it evident that the 
amylases catalyze the hydrolysis of amyloses in a different manner. 

In the presence of 0.01 mM acetate and in measurements at 40°, 
hydrogen ion activities corresponding to pH values of 4.3 to 4.6 
favor the saccharogenic action of both amylases of barley malt. 

Under similar conditions, the amyloclastic action of the amy- 
lase with a preponderance of this activity is also favored by hydro- 
gen ion activities corresponding to pH 4.3 to 4.7. 

The above hydrogen ion activities favor the action of both 
amylases throughout the course of the hydrolysis of starch as well 
as in measurements of relatively short duration. 
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It has long been assumed from theoretical considerations and 
inference from indirect experiments that the reaction of glomerular 
urine is alkaline. Direct information on the subject is scanty and 
controlled quantitative measurements lacking. Bieter and Hirsch- 
felder (1) described the color of the fluid in the glomerular capsules 
of frogs during the excretion of phenol red as that of an alkaline 
solution of that indicator; Wearn and Richards (2) confirmed this. 
Neutral red added to glomerular urine from frogs behaved as it 
did when similarly added to a phosphate solution of pH 7.5 (2). 
Kllinger and Hirt (3) judged the color of glomerular urine during 
the excretion of fluorescein to represent a pH of 7.0 to 7.5. 

The purpose of the work here reported was to compare the reac- 
tion of glomerular urine with that of plasma as accurately as 
possible, not only that another item should be added to the quan- 
titative data concerning the composition of glomerular urine 
already accumulated but also to provide a point of departure for 
the study of the changes in reaction which glomerular urine under- 
goes in its passage through the tubule. 

It was found by Richards and Walker (4) that the concentration 
of phenol red excreted in glomerular urine of frogs could be deter- 
mined quantitatively, after the full alkaline color had been devel- 
oped in it, by comparing it with standard, alkaline phenol red 
solutions, the fluids compared being contained in capillary tubes 


* This work was financed in large part by a grant from the Common- 
wealth Fund of New York. + 


749 


750 Glomerular Urine Composition. XII 


of the same diameter. At the suggestion of Dr. Richards, in the 
present work color comparisons were similarly made between the 
glomerular urine and a graduated series of buffer solutions of 
known pH values, each of which contained approximately the same 
concentration of phenol red as that of the glomerular urine. 
After the method had been perfected and its reliability established 
by comparison with a standard electrometric method, it was 
found that the pH of glomerular urine from frogs and Necturz is, 
within the limits of accuracy of the method, the same as that of 
the plasma from which it is derived. 


Method 


Plasma—In experiments with frogs, blood was taken from the 
ventricle of the heart by puncturing the apex with finely pointed 
capillary pipettes. Necturus blood was taken similarly from the 
postcaval vein. In each case, two separate samples were taken 
in quick succession, one for determination of the phenol red con- 
centration, the other for determination of pH. The former was 
collected in a glass pipette, 0.5 mm. inside diameter, containing a 
few crystals of dry sodium oxalate. The pipette was sealed, 
centrifuged, and a portion of the plasma transferred to a 0.35 mm. 
glass capillary and exposed to ammonia vapor until the full alka- 
line color was produced. The phenol red concentration was 
determined by comparing this tube with others of the same diam- 
eter which contained alkaline phenol red solutions of various 
known concentrations. The matching was done in daylight 
against a milk glass background. 

The other sample was collected in a quartz! capillary pipette, 
of 0.5 mm. inside diameter, previously filled completely with 
mercury.2 Without dislodging the mercury which had not been 
displaced by blood, the large end of the pipette was sealed with 
de Khotinsky cement; the pointed end, with rubber softened by 
heat. This required only a few seconds. Without delay the 
pipette was then placed in a tube filled with ice,* centrifuged, and 


1 Glass is not used because of its alkalinity. 

2 This prevents contact with air and consequent loss of COs». 

3 Cooling and immediate separation of plasma from the cells prevents a 
significant and rapid decrease in alkalinity. This observation is similar 
to that of Havard and Kerridge in studying human blood (5). 
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kept in the ice-filled tube until the pH determination of the plasma 
could be made. Phenol red was added to each of a set of buffer 
solutions’ in amount to make the concentration in each equal to 
that in the plasma. The pH range of the buffer solutions was 7.0 
to 7.8; the successive increments, 0.05 pH. Quartz capillaries, of 
the same diameter as that of the quartz pipette, were filled with 
these and comparisons made with the separated plasma in the 
pipette. 

Glomerular Urine—Glomerular urine was collected by means of 
apparatus similar to that described by Wearn and Richards (2). 
The collecting pipettes were made from quartz tubing of about 
0.4 mm. inside diameter and were about 5 cm. long. After a 
column of glomerular urine 3 to 5 mm. in length (0.3 to 0.5 ¢.mm.) 
had been obtained, the pipette was withdrawn, its tip sealed with 
softened rubber, and the pipette broken off, without losing mercury 
from it, about 3 cm. from the tip. The color of the fluid was then 
matched against those of the standard phenol red buffer solutions 
contained in quartz capillary tubes. Several sets of the buffer 
solutions were prepared, the successive increments being 0.05 pH. 
The sets differed only with respect to phenol red concentration. 
If, for example, the plasma had been found to contain 10 mg. of 
phenol red per 100 cc., the sets of pH standards for the correspond- 
ing glomerular urine were made to contain 10, 8, 6, and 4 mg. 
per cent respectively of phenol red. The value of the color of the 
glomerular urine was determined in terms of the pH values of each 
set. The glomerular urine was then transferred to a glass capil- 
lary, of 0.35 mm. inside diameter, alkalinized by exposure to moist 
ammonia vapor, and its phenol red concentration determined as 
described for plasma. The pH value for glomerular urine which 
had been obtained with the set of pH standards whose phenol red 
concentration most nearly equaled that of the glomerular urine 
was accepted as the pH of the glomerular urine. By this proce- 
dure it was possible to make the two determinations, phenol red 
concentration and pH, on the same sample of glomerular urine. 

Control Tests of Method—After adequate preliminary experience 
the accuracy of the micromethod essentially as described was 
tested. Stock solutions (0.0667 mM) of NasHPO, and KH2PO, 
were prepared. A mixture of these was made and_phenol red 


* Prepared according to the data of Clark and Lubs (6). 
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added in measured amount by a person not concerned with this 
study, and the resulting solution submitted as an unknown to the 
analyst. After the phenol red concentration of this had been de- 
termined by the capillary tube method, a graded series of mixtures 
of the two stock solutions was made and phenol red added to make 
the concentration in each equal to that which had been found in 
the unknown. The pH values of these were known from the 
data of Hastings and Sendroy (7). The several solutions, un- 


TABLE I 


Ultramicrodetermination of Concentration of Phenol Red and of pH of Known 
Buffer Solutions 


Both values were unknown to the analyst. 


Solution Phenol red concentration pH 
igs Known Found Difference | Calculated Found Difference 
mq. per mg. per per cent 
100 cc 100 cc 
1 5.0 5.0 0 7.160 7.14 —0 .020 
2 9.54 10.0 +4.8 7.126 7.11 —0.015 
3 5.8 6.0 +3.4 7.392 7.38 —(0.012 
4 8.61 8.2 —4.8 7.285 7.28 —0.005 
5 9.54 10.2 +6.9 7.467 7.45 —0.017 
6 7.3 7.2 —1.4 7.434 7.43 —( .004 
7 16.0 15.0 —6.2 7.170 7.14 —() .030 
8 8.7 9.5 +9.2 7.170 7.15 —() .020 
) 5.36 5.0 —6.8 7.120 7.13 +0.010 
10 7.1 7.2 +1.4 7.222 7.23 +0 .009 
11 6.3 6.6 +4.8 7.306 7.30 — 0.006 
12 5.8 6.4 +10.3 7.475 7.46 —(0.015 
13 9.5 10.0 +5.3 7.404 7.40 —(0.004 
14 6.8 7.0 +2.9 7.274 7.26 —0.014 


known and standards, were then introduced into quartz capillary 
tubes of the same diameter, color comparisons made, and the pH 
of the unknown assigned. The composition and the pH of the 
unknown were not disclosed until the determination was com- 
pleted. Table I contains the results of fourteen such determina- 
tions made consecutively. They show that despite errors as high 
as 10 per cent in the determination of phenol red concentrations 
(average 4.1 per cent), the average error of the pH determination 
was only 0.014 pH (highest 0.03 pH). 


i | 
‘ 
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Microcolorimetric Determinations of pH of Plasma—Compari- 
sons were made with the glass electrode method. In collaboration 
with Dr. W. S. Stadie and Miss Helen O’Brien a series of experi- 
ments was made in each of which the pH value of blood plasma, as 
determined microcolorimetrically, was compared with that ob- 
tained with the glass electrode. The pH values assigned to the 
buffer solutions used as standards for the microcolorimetric 
method were determined by the glass electrode. These compari- 
sons show the error of the microcolorimetric method when applied 
to blood plasma. The blood was collected from the aorte of frogs 
and Necturi. Coagulation was prevented by sodium oxalate. In 
some instances no precautions against loss of CO2 from the blood 
were observed, the plasma subsequently being equilibrated with 
(Oz at 40 mm. of Hg pressure; in others escape of COs was care- 
fully prevented. In some instances the blood was cooled with ice 
until the plasma had been separated. Some of the animals had 
been injected with phenol red before bleeding; in other experiments 
the phenol red was added directly to the plasma. In every com- 
parison the samples for the two determinations were taken from 
the same supply of plasma at the same time and the two determi- 
nations were carried out at room temperature almost simulta- 
neously. The results are shown in Table II]. The average differ- 
ence between the results of the two methods in twenty-seven 
comparisons is 0.11. When this figure is applied as a correction 
factor to each value obtained by the colorimetric method, the 
corrected differences between the results of the two methods range 
from 0.00 to 0.05 pH; average, 0.011. 

PH of Plasma Ultrafiltrates—In another series of experiments 
blood plasma was obtained, ultrafiltered, and the pH of the plasma 
and filtrate determined microcolorimetrically under conditions 
designed to prevent any loss of CO: or other adventitious change. 

Phenol red was injected subcutaneously in suitable amount (see 
p. 758) 15 minutes or more before the experiment. A cannula was 
tied into the aorta and connected by rubber tubing with a Pyrex 
glass receiving tube which, like a Haldane gas sampling tube, has 
a 3-way stop-cock at each end. The capacity of one such tube is 
1.1 ec.; of another 3.5 ec. Cannula, rubber tubing, and receiver 
were completely filled with carefully washed mercury. On open- 
ing the clamp on the aorta the blood, entering the receiver, dis- 
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placed an equal volume of mercury from it. Through a T-piece 
in the rubber tubing a minute amount of saturated sodium oxalate 


TABLE II 


Comparison of Results of Electrometric and Microcolorimetric Determina- 
tions of pH of Plasma 


Glass | Micro- Glass | Micro- 
Date ‘Plasma elec- | colori- | Differ- —— Plasma | elec- | colori- | Differ- 
No. trode | metric! ence | | No. trode | metric | ence 

p pH pH pH 


Frog plasma equilibrated with CO, at 40 mm. Hg* 


Nov. 4 1 | 7.46 | 7.33 | 0.13 | Nov. 7 7 | 7.33 | 7.24 | 0.09 
ogee | 1 | 7.42 | 7.27 | 0.15 ce 8 | 7.47 | 7.32 | 0.15 
ge 2 | 7.28 | 7.16 | 0.12 eee 9 | 7.24) 7.13} 0.11 
ee 3. | 7.45 | 7.30 | 0.15 gone 10 | 7.38 | 7.28 | 0.10 
oltre 3 4 | 7.36 | 7.27 | 0.09 cealaah 11 | 7.43 | 7.33 | 0.10 
men 4 5 | 7.35 | 7.23 | 0.12 ae 12 | 7.34 | 7.22 | 0.12 
ae 6 | 7.26 | 7.13 | 0.13 oe 13. | 7.33 | 7.27 | 0.06 

Frog plasma; loss of COz prevented 

Nov. 8 14 | 7.54 | 7.43 | 0.11 | Nov. 8 18 | 7.76 | 7.67 | 0.09 
ee 15 | 7.67 | 7.58 | 0.09 esis | 19 | 7.70 | 7.60 | 0.10 
eee 16 | 7.73 | 7.67 | 0.06 “9 | 20 | 7.70 | 7.60 | 0.10 
oa 17 | 7.72 | 7.65 | 0.07 

Necturus plasma; loss of COz prevented 

July 20 21 7.40 7.31 | 0.09 | July 21! 24 | 7.58 | 7.48 | 0.10 
2 | 22 | 7.61 | 7.530 | 0.11 2 | 7.38 | 7.2% | 0.12 
“ 20 | 23 | 7.50 | 7.40 | 0.10 “21 | 26 | 7.64 | 7.53 | 0.11 


* The concentration of protein was determined in eleven of the samples 
in this group. In ten it varied from 3.3 to 3.7 per cent; in one (Plasma 7) 
it was 2.9 per cent. 


was introduced into the blood as it flowed from the animal. After 
bleeding an animal for 2 minutes the stop-cocks were closed, and 
the receiver was disconnected from the aorta and packed in ice 


| 
- 
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in a large centrifuge tube. After centrifugation, a mercury level- 
ing bulb was attached to the receiver and the separated plasma 
forced out into the mercury-filled receiving chamber of the ultra- 
filtration apparatus. 

A diagram of the ultrafiltration apparatus is given in Fig. 1. 
The membrane (D) was du Pont’s cellophane No. 450, which had 


Fic. 1. Ultrafiltration apparatus. A, blood chamber, of Pyrex glass, 
capacity 5cc. The filtration pressure is applied through the bent tube, a. 
BR, filtrate chamber, of quartz, capacity 1 cc., the upper end drawn out to a 
capillary, 1 mm. in inner diameter. 5b is the point at which the filtrate be- 
gins to accumulate. C, C’, rubber-covered brass rings by means of which 
A and B are held together. D, cellophane membrane. £, E’, filling tubes, 


| mm. in inner diameter projecting into chambers A and B nearly to the 
level of the filtering membrane. 


been boiled in two changes of distilled water and dried. The mer- 
cury was rinsed many times in distilled water. After the appara- 
tus had been assembled, the chambers A and B and their 
projecting tubes, a and 6, were completely filled with mercury 
through the tubes EF and EF’. Tube a was connected with a mer- 
ecury bulb. Plasma introduced into chamber A through rubber 
tubing attached to tube E displaced some of the mercury and came 
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into contact with the under surface of the cellophane membrane. 
The rubber tubing attached to HE was then clamped, and pressure 
applied by raising the mercury bulb attached to a. The filtrate 
rose through the mercury and collected at the top of chamber B 
and in tube 6. For colorimetric examination it was taken from 
this into a long, slender, mercury-filled, quartz pipette introduced 
through the mercury in tube b. 

The filtration pressure applied to frog plasma was 22 em. of Hg 
(2 hours); to Necturus plasma, 55 to 65 cm. (30 minutes). The 
ultrafiltrates gave no reaction for protein when tested with tri- 
chloroacetic acid. 


TABLE III 
pH of Protein-Free Solution and Its Filtrate 
PH of original fluid 
Solution No. PH of filtrate 
At beginning At end 
1 7.33 7.30 7.33 
7.33 7.30 7.35 
7.33 7.32 7.33 
2 7.42 7.38 7.42 
7.42 7.35 7.40 
7.42 7.35 7.40 


When these operations are properly performed neither the blood, 
the plasma, nor the ultrafiltrate is exposed even momentarily to 
air. The blood and plasma come in contact with Pyrex glass, 
but the surface of contact, relative to volume, is so small as to 
make possible change in reaction because of this negligible. The 
ultrafiltrate comes into contact only with clean mercury and 
quartz. 

Tests of the apparatus and of the procedure were made by 
filtering, in the manner described, a protein-free solution of sodium 
chloride, sodium bicarbonate, carbon dioxide, mono- and disodium 
phosphate, and phenol red in concentrations comparable to those 
in plasma. The CQO, tension was supplied by means of human 
alveolar air. Colorimetric determinations of the pH of original 
fluid and filtrate were made by the capillary tube technique. 
The results of six such tests are given in Table III. 


— 
5 
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Fifteen ultrafiltrations of frog plasma and ten of Necturus 


plasma have been made. The results are givenin Table IV. The 
TABLE IV 
Microcolorimetric Determinations of pH of Plasma and Ultrafiltrate 
pH of plasma 
H of ‘ 
Date ultra — 
Atend | Average 
1938 
Frog Dec. 15 1 7.33 | 7.37 | 7.35 7.45 | 0.10 
~ ae 2 7.51 | 7.53 | 7.52 7.65 | 0.13 
mater 2 7.51 | 7.53 | 7.52 7.63 | 0.11 
igs 2 | 7.51 | 7.53 | 7.52 | 7.65 | 0.13 
ate 3 7.43 7.54 | 0.11 
a 3 7.43 7.54 | 0.11 
ieee 3 7.43 | 7.39 | 7.41 7.53 | 0.12 
a 4 7.63 | 7.58 | 7.605 | 7.73 | 0.12 
ae 4 7.63 | 7.58 | 7.605 | 7.74 | 0.13 
i ae 4 7.63 | 7.55 | 7.59 7.73 | 0.14 
1935 
Mar. 18 5 7.50 7.64 | 0.14 
ae 6 7.59 | 7.57 | 7.58 7.69 | 0.11 
. 7 7.57 | 7.59 | 7.58 7.69 | 0.11 
ae 8 7.47 7.59 | 0.12 
= 9 7.48 7.60 | 0.12 
1933 
Necturus Nov. 13 1 7.32 7.32 7.48 | 0.16 
~ 2 7.44 | 7.35 | 7.395 | 7.48 | 0.085 
~ 3 7.41 | 7.37 | 7.39 7.51 | 0.12 
eam 4 7.34 | 7.32 | 7.33 7.43 | 0.10 
ae 5 7.18 | 7.19 | 7.185 | 7.28 | 0.095 
nye 6 7.14 | 7.17 | 7.155 | 7.27 | 0.115 
oe 7 7.36 | 7.45 | 7.405 | 7.54 | 0.135 
m 2 8 7.32 | 7.31 | 7.315 | 7.43 | 0.115 
1935 
Mar. 20 9 7.19 7.33 | 0.14 
es: a 10 7.24 | 7.19 | 7.215 | 7.30 | 0.08 


difference between the pH of plasma and that of the ultrafiltrate 
from it is almost identical with the difference between the pH of 
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plasma determined microcolorimetrically and that determined 
by the glass electrode. The conclusion is drawn that the only 
considerable correction which must be applied to the value of pH 
of plasma as determined by the microcolorimetric method is that 
which is due to protein; and no considerable correction need be 
applied to similarly obtained values of pH of glomerular urine 
since this is nearly or quite free from protein and contains salt in 
the same concentration as the plasma. This conclusion is strength- 
ened by the fact that the ‘‘protein error’’ disappears when the 
plasma is diluted with CO.-free saline. 

Animal Experiments—lYrogs (Rana pipiens, 30 to 60 gm.) 
received 3.5 mg. of phenol red by injection into the dorsal lymph 
sac 15 minutes or more before beginning the experiment. The 
brain was crushed and the right kidney exposed without hemor- 
rhage. During collection of glomerular urine the neck of the 
tubule was blocked by pressure with a finely pointed glass rod. 
The mercury bulb of the collecting apparatus was usually about 
10 mm. above the level of the kidney. To minimize risk of escape 
of COz from the glomerular urine through the capsule a shallow 
pool of neutral mineral oil was kept on the surface of the kidney 
by a ring of lanolin. Blood samples were taken into mercury- 
filled quartz pipettes from the ventricle of the heart. 

Necturt (100 to 200 gm.) were injected subcutaneously with 
about 7.5 mg. of phenol red 15 minutes before beginning the 
experiment. They were anesthetized by immersion in 1.5 per cent 
urethane solution and anesthesia was maintained by keeping the 
cills in a more dilute solution. The kidney was exposed and 
glomerular urine collected as has been described by Walker and 
Reisinger (8). Blood samples were taken by puncture of the post- 
caval vein. 

The results of the microcolorimetric determinations of pH of 
plasma and glomerular urine are given in Table V. The corrected 
plasma values were obtained by adding 0.11 to the observed 
values (protein correction). In experiments in which two blood 
samples were taken the ‘‘accepted’’ plasma pH values were ob- 
tained from the curves of pH plotted against time and correspond 
to the middle of the glomerular urine collection period. 

The corrected pH values of frog plasma obtained in twelve 
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TABLE V 


Microcolorimetric Determinations of pH of Glomerular Urine and Plasma 
from Frogs and Necturi 
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pHt 
38 
1933 min.*| min.* min. 
l’rogs 1 | Feb. 27 | 50 110 7.71 (7.73 
281] 50) 100} 130 (|7.62) 7.62 | 7.62 |7.65 
3 | Mar. 3| 25 70 7.78 |7.76 
“ 31] 48 83] 118 |7.62! 7.67 | 7.64 |7.65 
5| “ 6] 32! 69 71 (|7.74| 7.76 | 7.74 |7.75 
ei * 71: 102 |7.64 7.64 |7.66 
7 “ 16] 50} 105 /|7.59| 7.62 | 7.59 |7.64 
8) 16 | 45 100 |7.71 7.71 |7.69 
9 211 30 60 |7.74 7.74 |7.70 
10 22| 35 63 |7.81 7.81 |7.80 
11 “ 65 |7.76 7.76 |7.74 
12 “ 23 3 78 7 64 7.64 |7.67 
Necturi | 1 | Mar. 30 _ 20 |7.48 7.48 |7.53 
2 | Apr. 6| 36 33 17.63 7.63 |7.67 
3 “ 10 | 24 15 |7.56 7.56 17.60 
4 24 22 17.37 7.37 7.38 
“ 12 17 |7.49 7.49 7.55 
6 | 141 32 29 (|7.67| 7.62 | 7.69 |7.68 
7 | 14 !—10/f 20 7.58 |7.56 
\104 7.43 
8 | May 12 |—50) 20] 25 7.56 7.43 | 7.44 |7.48 
27 |-27| 25 7.36] 7.39 | 7.38 17.32 
10 30 | 51 | 28 (|7.56| 7.49 | 7.53 (7.52 
11 | June 7 |—32} 54! 30 (7.45) 7.36 | 7.40 '7.43 
12 |—29) 56] 26 (7.52| 7.40 | 7.46 |7.52 
13 | Sept.25 |—31) 23! 17 (7.60 7.46 | 7.50 |7.55 


Difference 


* After or before (—) the beginning of glomerular urine collection. 
t The plasma pH values are corrected for protein error. 


+0.03 
+0.01 
+0.01 
'+0.02 
+0.05 
—0.02 
/—0.02 
+0.03 
40.05 
+0.04 
+0.04 
+0.01 
+0.06 
~0.02 
+0.04 
—0.06 
~0.01 
+0.03 
+0.06 
+0) .05 
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experiments range from 7.59 to 7.81, average, 7.70; those of glomer- 
ular urine from 7.64 to 7.80, average, 7.70. In the individual 
experiments the agreement between the two values is so close as 
to yield no other conclusion than that the reaction of glomerular 
urine of frogs is the same as that of the plasma from which it is 
derived. This conclusion does not imply that a Donnan equilib- 
rium does not exist at the glomerular membrane with respect to 
hydrogen ions. The possible difference in pH between the two 
fluids from this cause is calculated to be of the order of 0.01; too 
small to be identified with certainty by the methods used (9). 

The results with Necturus show a range of plasma pH values from 
7.37 to 7.69, average, 7.50; glomerular urine, 7.32 to 7.68, average, 
7.52. The differences in individual experiments are somewhat 
greater than is the case with frogs. In the majority, the pH of 
glomerular urine appears to be somewhat higher than that of 
plasma. We think that loss of CO, by diffusion from the glomer- 
ular urine through the capsule of Bowman is more apt to occur in 
Necturus than in frogs. For this reason and in view of the experi- 
mental difficulties we are not inclined to regard the greater differ- 
ences observed in Necturus as significant. 


SUMMARY 


A colorimetric method is described for determining the pH of 
minute volumes of fluid (fractions of a ¢.mm). Its error when 
applied to protein-free buffer solutions was found to be less than 
0.02 pH. When applied to blood plasma from frogs and Necturi 
consistent results were obtained, which on the average were 0.11 
pH lower than those obtained by the glass electrode method. 
This difference is almost identical with the difference between the 
pH of plasma and that of an ultrafiltrate from it, both values hav- 
ing been obtained by the microcolorimetric nrethod. It is there- 
fore regarded as the protein error of the indicator and has been 
applied as a correction factor to the observed values of pH of 
plasma. 

In twelve experiments with frogs and thirteen with Necturi 
determinations of the pH of glomerular urine and of blood plasma 
gave results which show that the reaction of the two fluids is the 
same. 


ou 
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A MICROQUINHYDRONE ELECTRODE: ITS APPLICATION 
TO THE DETERMINATION OF THE pH OF 
GLOMERULAR URINE OF NECTURUS* 
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Pennsylvania, Philadelphia) 
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The problem of determining the pH of rachitic cartilage was 
suggested to one of us (Pierce) by Dr. E. A. Park of the Johns 
Hopkins Hospital. It seemed possible that a small quinhydrone 
electrode could be constructed for direct insertion into the tissue 
and thus be used to measure its reaction 7n situ. The first at- 
tempts showed that accurate pH measurements of known buffer 
solutions could be made with an electrode consisting of a 36 gage 
platinum wire (0.08 mm. in diameter), the end of which was 
coated with quinhydrone crystals. It became obvious, however, 
that an unprotected platinum wire was unsuitable for direct inser- 
tion into tissues. Accordingly, we adopted the suggestion by Dr. 
Richards of enclosing it in the quartz capillary pipette described 
by Wearn and Richards and used by them in collecting fluid from 
the renal corpuscle of frogs (1). The result of the work which 
followed is the apparatus described below. Consistently reliable 
measurements of the pH of fractions of a c.mm. of fluid have been 
made with it. It resembles the capillary electrodes of Cullen and 
Biilmann (2) and Cullen (3) more closely than any others which 
we have seen described in the literature. It differs, however, in 
that it requires far less fluid for a determination and provides 
complete prevention of loss of COz. 


* This work was financed in large part by a grant to the University of 
Pennsylvania from the Commonwealth Fund of New York and by the 
John Howland Memorial Fund of the Johns Hopkins University. The 
earliest stages of the work were conducted in Baltimore; the apparatus was 
developed and most of the experiments here described-were made in 
Philadelphia. 
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In developing the technique of its application to biological sub- 
stances it seemed wise to choose familiar material. Data had 
recently been obtained which showed that the pH of glomerular 
urine from frogs and Necturi can be measured with accuracy by 
microcolorimetry, and is the same as that of plasma (4). It was 
decided to postpone the study of cartilage and to work first with 
glomerular urine in the large corpuscles of living Necturz. In this 
way flaws in technique would presumably be more easily disclosed. 
It was also of obvious advantage that the colorimetric work on the 
reaction of glomerular urine should be controlled by measurements 
by another method. 

Microcapillary Electrode—The apparatus of which the micro- 
electrode is the essential part is of the same design as that origi- 


Fic. 1. Microcapillary electrode. A, B, and C, successive stages in 
assembling; 1, quinhydrone-encrusted end of wire; 2, de Khotinsky cement 
on wire; 3, ring of de Khotinsky cement on large end of pipette; 4, end of 
long arm of 3-way stop-cock tube. 


nally described by Wearn and Richards (1). The pipette which 
contains the electrode is made from transparent quartz tubing not 
less than 0.5 mm. in internal diameter; its length is about 5 cm. 
Care should be taken that the taper of the point be blunt and 
symmetrical. The diameter of the point i$ about 10x. 

A piece of 36 gage platinum-iridium wire about 10 em. in length 
is held taut with forceps and passed through an alcohol flame to 
straighten it. It is then dipped into distilled water, removed, and 
allowed to dry, care being taken to prevent contamination. A 
saturated solution of LaMotte’s Standardized quinhydrone in 
redistilled acetone is prepared in a shallow dish, one end of the 
wire is allowed to rest in it to a depth of about 2 mm., and a current 
of air played on the surface. A tenacious crust of quinhydrone 
about 0.01 mm. thick is left on the wire (see Fig. 1). All but 1 
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mm. or less of the quinhydrone-encrusted end of the wire is cut off 
with scissors. A minute drop of de Khotinsky cement is melted 
onto the wire 1 to 2 cm. from the coated end, and this end of the 
wire is inserted into the quartz tube as far as it will go. It is 
important that the wire be straight. The pipette is passed 
laterally over the flame of a microburner; the drop of de Khotinsky 
cement melts and attaches the wire to the pipette without occlud- 
ing the lumen. The protruding end of the wire is bent sharply 
around the large end of the pipette and fixed in place by a thick 
ring of de Khotinsky cement. The pipette is filled with clean 
mercury with the aid of a capillary pipette and cemented into the 
end of the long, mercury-filled arm of the 3-way stop-cock tube 
held in the micromanipulator. 

Scrupulous cleanliness of quartz tubing and platinum-iridium 
wire is essential. Care must be taken not to heat the quinhydrone 
when melting the cement. Excessive heating of the cement is to 
be avoided. The electrodes, kept free from contamination, do 
not deteriorate quickly. We have chosen arbitrarily, however, 
to use none older than 24 hours. An electrode can be used for 
several successive determinations provided it is thoroughly rinsed 
with distilled water. 

When the apparatus is properly assembled we have a mercury- 
filled system consisting of leveling bulb, rubber tubing, 3-way 
stop-cock tube held firmly in the micromanipulator, and ending 
in the quartz pipette which contains the electrode. The point 
of the pipette is inserted into the fluid to be studied, and, by 
manipulating the stop-cock and leveling bulb, the fluid flows into 
the pipette as the mercury recedes and comes into contact with the 
quinhydrone. 0.1 c. mm. of fluid is adequate for a determination; 
satisfactory results have been obtained with volumes smaller than 
this. 

The electrode, protected by the quartz pipette and the mercury 
in it, is not contaminated by extraneous material through which it 
may have to be passed to reach the fluid to be tested. The fluid 
taken into the pipette does not come in contact with air.' 

The quinhydrone electrode was combined with a saturated KCI- 


1 It occasionally happens that a minute bubble of air, trapped in the 
pipette, remains in the fluid to be examined. It has not been found that its 
presence affects the determination. 
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calomel half-cell in the conventional way. The normal potentials 
of the saturated KCl-calomel half-cell at the respective tempera- 
tures were those of Michaelis (Clark (5) p. 314). The normal 
potentials of the quinhydrone electrode were those given by Clark 
((5) p. 672). In all cases the E.m.F. of the liquid junction was 
assumed to be 0. Calculations were made by use of the equation 


| —_ Eat. — E. M. F. 
0.0001982 7 


pH = 


where Egy. = the normal potential of the quinhydrone electrode; 
Ee. = the normal potential of the saturated KCl-calomel elec- 
trode; 7 = absolute temperature. 

Potential measurements were made with a Leeds and Northrup 
portable potentiometer (catalogue No. 7655) from which the in- 
cluded galvanometer had been removed. An enclosed lamp and 
scale galvanometer? (Leeds and Northrup catalogue No. 2420-C) 
was substituted. Temperature was recorded with standardized 
thermometers; that of the fluid in contact with the electrode was 
estimated to +0.3°. 

In control tests of the accuracy and reliability of the apparatus 
known buffer solutions were taken into the electrode pipette from 
a small beaker; the liquid junction to the calomel] half-cell was 
established with a saturated KCl-2 per cent agar bridge. The 
results of these tests were compared not only with the calculated 
pH values of the solutions’ but also with the results of determina- 
tions made on the same solutions by means of a quinhydrone 
electrode of the usual type (14 gage platinum wire, fused into a 
glass tube; quinhydrone crystals added to the fluid). 

Table I contains typical results obtained in twenty such com- 
parisons, made consecutively. Twelve microelectrodes were used, 
no one in more than three determinations. Values obtained at 
room temperature have been reduced to 20° by adding a factor 
(0.00155 & (t — 20)) derived from the data of Hastings and 


* For increased ease of reading, the lamp of the galvanometer was so 
adjusted that the beam crossed the 0 line of the scale at an acute angle. 
This adjustment allows detection of 0.5 millivolt at the high resistance 
produced by the small opening of the point of the capillary pipette. 

3 The solutions were prepared according to Hastings and Sendroy (6) 
and the pH values calculated from their data. 
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Sendroy (6). They show that the accuracy which we have 
attained with the microelectrode was of the same order as that 
with the macroelectrode. It is also obvious from such results 
that the accuracy of the determinations by the microelectrode is 
not affected either by the contacts which exist within the pipette 
between metallic platinum, mercury, and the fluid tested or by the 
electrical resistance which results from the small size of the orifice 
of the pipette. Tests for possible errors due to polarization of the 
electrode in these minute quantities of fluid showed that they were 
negligible. 


TABLE | 
of M/15 Phosphate Buffers 


Determined Determined 


Macro | Micro | Macro Micro 
7.36 7.37 7.39 | 4.21 7.21 | 7.20 
7.26 7.25 7.26 | 7.71 7.67 | 7.67 
7.41 7.40 7.41 7.56 7.57 | 7.56 
7.44 7.42 7.44 7.50 7.50 | 7.49 
7.21 7.22 7.20 7.31 
7.66 7.67 7.68 7.46 7.45 | 7.47 
7.61 7.63 7.60 7.53 7.53 7.57 
7.15 7.16 7.17 7.39 7.37 | 7.41 
7.24 7.22 7.26 | toe | 
7.63 7 .60 7.61 | | 


Determinations of pH of Glomerular Fluid—Adult Necturi were 
anesthetized by immersion in 1.5 per cent urethane for about 15 
minutes; anesthesia was maintained throughout the experiment 
by keeping the gills in a more dilute solution. The kidneys were 
exposed without hemorrhage in the usual way. The holder con- 
sisted of a sheet of cork cemented to the bottom of a shallow 
rectangular glass dish to which the animal was fastened by thorns.‘ 
To establish the liquid junction between the calomel cell and the 
quinhydrone electrode the tail, with tip cut off, was allowed to 
hang over the end of the holder and to dip into a beaker containing 


‘ To avoid extraneous sources of potential no wet metal was allowed on 
the holder or in contact with the animal. 


| 
— ——- - 
yum | 
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saturated KCl solution into which the end of the side arm of the 
calomel half-cell projected.5 The possibility of error from this 
device was tested directly. Two calomel half-cells were used, one 
in liquid junction with the glomerular urine zn situ by means of a 
micropipette filled with Ringer’s solution, and the other in liquid 
junction with the saturated KC] solution (into which the animal’s 
tail projected) by means of Ringer’s solution in agar. Control 
measurements were made with the point of the pipette placed in 
the saturated KCl solution. In thirty-one determinations on three 
animals, the range of £.M.F. (deviation from control) was —0.0018 
to +0.0031 volt, average +0.0011. This corresponds to pH 
differences of +0.03 to —0.05, average —0.018. No consistent 
variations dependent upon degree of cutting of tail, or depth of 
immersion of the tail in the saturated KCl solution, were found. 
Since the error is variable and small, values for pH of glomerular 
fluid and tubular fluid have not been adjusted according to these 
findings. 

With the aid of the micromanipulator and binocular microscope 
the point of the electrode pipette was thrust through a capsule of 
Bowman so that the point was free in the intercapsular space. 
Temperature changes due to evaporation and possible loss of CO, 
from the glomerular urine by diffusion into air were prevented by 
allowing mineral oil to drip continuously on the surface of the 
kidney over the glomerulus and the tip of the pipette.® 

The temperature of the room varied very little during the course 
of an experiment. The temperature reading used in the calcula- 
tions was that of a thermometer in the oil which supplied the drip 
for the surface of the kidney. Usually within a minute after the 
glomerular urine reached the quinhydrone the E.M.F. readings 
became constant. 


5 Experiments have been made which indicate that the pH of the fluid 
in the electrode pipette can be measured by direct insertion of the tip of 
the pipette into the KCl solution which is connected with the calomel half- 
cell provided precautions are taken to prevent diffusion of the KCl into the 
fluid in contact with the quinhydrone. The tip of the pipette may be 
sealed by thrusting it through a thin disk of KCl-agar or the pipette can be 
prepared so that there is a constriction of the lumen between the end of the 
electrode and the tip of the pipette (see p. 773). 

6 In many of the experiments, as an added precaution against loss of CO2, 
the oil had previously been equilibrated against 1.5 per cent CO: in oxygen, 
approximately the CO, tension of Necturus plasma. 
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We have applied the technique described above to glomerular 
fluid formed during aortic perfusion of Necturus kidneys with 
sodium phosphate buffer solutions of known pH. In eight experi- 
ments the results of microdeterminations of pH of the glomerular 
fluid were compared with those of macroquinhydrone deter- 
minations of pH of the perfusion fluid. The results are given in 
Table IT. 

TABLE II 


Perfusion of Necturus Kidney with 0.1 m Sodium Phosphate Buffer Solutions. 
pH of Glomerular Fluid (Micro) Compared with That of Perfusion Fluid 


(Macro) 
Animal No. pH of perfusion fluid PH of glomerular fluid 
1 6.75 6.80 
2 7.33 7.32 
3 6.94 6.90 
4 6.95 6.97 
5 7.17 7.17 
6 6.74 6.75 
7 | 7.02 7.04 
8 | 6.25 6.26 


A series of sixteen experiments on living Necturt was made in 
February and March, 1934. They included thirty-seven pH 
estimations. An abbreviated protocol of a typical experiment 
follows. 


February 13, 1934. Adult male Necturus. Anesthetized, 1.45-2.00 p.m. 
Preparation completed 2.40 p.m. Gill movements, heart action, and glo- 
merular circulation good. Collection of glomerular urine and oil drip on 
kidney begun at 2.42 p.m. Temperature of oil 21°. 


Time E. M. F. pH 
p.m, volt 

2.45 | 0.0086 

2.47 | 0.0106 7.61 
2.48 | 0.0108 

2.50 | 0.0119 

2.52 | 0.0114 7.58 
2.54 | 0.0115 


At 2.55 p.m., the pipette was withdrawn from the capsule, the fluid dis- 
charged, and the pipette rinsed twice with distilled water. At 2.58 p.m. 
another capsule was punctured and a second collection begun. 
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The results of the sixteen experiments are summarized in Table 
III. The pH values of glomerular urine varied from 7.07 to 7.63, 
with an average of 7.36. 

These figures are significantly lower than those derived from 
the colorimetric determinations made in April, May, and June of 
1933 in which the range was 7.32 to 7.67, average 7.54. The ques- 


TABLE III 


Determinations of pH of Glomerular Urine of Necturus Made with Micro- 
quinhydrone Capillary Electrode 


Time after | | Time after 
Animal No. first deter- | pH | Animal No. first deter- pH 
mination | | mination 
min | : min 
| 7.38 | 8 7.46 
50 7.36 | 75 7.46 
2 100 7.28 
i 130 7.22 
65 | 7.55 | 200 7.30 
105 7.49 9 7.38 
3 7.41 50 7.28 
65 7.30 10 7.34 
120 7.34 75 7.25 
165 7.27 11 7.17 
195 7.35 100 7.07 
4 7.35 350 7.13 
45 7.31 12 . 7.32 
5 7.42 13 7.51 
55 7.47 14 7.45 
6 7.47 15 7.49 
30 7.50 16 7.25 
7 7.21 
75 73 | 
135 7.22 | 


tion whether this difference represents physiological variations or 
is the result of undetected faults of technique seemed important. 
In support of the former alternative are the wide variations present 
in each series, the fact that the two series were made at different 
seasons of the year, and the occasional observation that the pH of 
blood and glomerular urine may undergo progressive decrease 
during the course of an experiment, particularly as the condition 
of the animal deteriorates. 
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It seemed necessary, however, to undertake further control 
experiments in which as direct comparison as possible should be 
made between the microelectrometric and the microcolorimetric 
methods. They are as follows: 

The phosphate buffer solutions previously used in testing both 
micromethods were 0.066 M and 0.05 Mm. It was conceivable that 
the concentration was so great as to have masked the effect of 
minute traces of acid which, if present in the quinhydrone, would 
affect measurements of pH of the much less strongly buffered 
glomerular urine of Necturus. Accordingly a series of tests with 
0.0025 m phosphate buffer solution was made.? Phenol red was 
added to make 10 mg. per cent. The buffer value of this is negli- 


TABLE IV 


0.0025 M Phosphate Buffer Solutions. pH Determinations by Macro- and 
Microelectrometric and Microcolorimetric Methods 


Electrometric | 
Colorimetric 


Macro Micro 

7.13 7.16 7.16 
7.24 7.23 7.25 
7.29 7.30 7.32 
7.12 7.14 7.10 
7.18 7.20 7.21 
7.17 7.15 7.14 


gible in comparison with that of the phosphate. Colorimetric 
determinations of pH were made by the capillary tube method 
described in the preceding paper, and by both the macro- and 
microquinhydrone electrode methods as used in the experiments 
already described. The figures (Table IV) show no significant 
differences in the results of the three methods. 

A protein-free ultrafiltrate of Necturus plasma, containing 10 


7 It is assumed that the main buffer in glomerular urine is bicarbonate, 
and that bicarbonate is present in approximately the same concentration 
as in the plasma. The total CO, of Necturus plasma was determined by 
the method of Van Slyke and found to average 20 volumes per cent. The 
buffer value of this concentration of CO; at pH 7.4 is 9 mm per liter; that of 
a 0.0025 m phosphate solution at pH 7.4 is 4 mm per liter (calculated accord- 
ing to Van Slyke (7)). 
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mg. per cent of phenol red, was equilibrated with 1.5 per cent CO, 
and delivered into a small glass container which was then closed 
with a rubber dam, air being excluded. One end of the container 
had previously been drawn out into a slender tube and filled with 
saturated KxCl-2 per cent agar jelly. The liquid junction was 
made by dipping this tube into the saturated KCI solution into 
which the side arm of the calomel half-cell projected. The micro- 
quinhydrone pipette was thrust through the rubber dam and the 
pH measurement made. At the same time samples of the fluid 
were taken into quartz capillary collecting pipettes for micro- 
colorimetric estimation of pH. The results of the two methods 
agreed within 0.02 (average) pH unit (Table V). 

pH measurements with the microquinhydrone electrode show 
an acid drift after the fluid has been in contact with the electrode 


TABLE V 
Ulirafiltrate from Necturus Plasma. pH Determination by Two 
Micromethods 
Sample No. Electrometric Colorimetric 
1 7.37 7.32 
2 7.39 7.40 
3 7.37 7.35 
4 7.47 7.46 
5 7.25 7.25 


fora time. Experiments were made to decide whether this could 
have been a factor in the discrepancy between the colorimetric 
and electrometric glomerular urine determinations. The micro- 
quinhydrone electrode was inserted into a renal corpuscle of 
Necturus, and fiuid taken in amount sufficient to cover the quin- 
hydrone. §E.M.F. readings were made at frequent intervals for an 
hour or more. In every case the reading remained constant for 15 
minutes after contact between fluid and electrode had been made. 
The drift began in from 15 to 45 minutes. Study of the time 
records of the earlier electrometric determinations of glomerular 
urine pH gave little reason to believe that such a drift had in- 
fluenced them. 

Finally a pipette was constructed with which both colorimetric 


| 
{ 
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and electrometric measurements could be made on the same sample 
of fluid. It consisted of a quartz pipette of 0.3 to 0.4 mm. inside 
diameter with a marked narrowing of the lumen 5 mm. from the 
pointed tip. The quinhydrone electrode wire was inserted to this 


TABLE VI 
0025 Mm Buffer Solutions. pH of Same Sample Determined by Two 
Micromethods 
Sample No. Electrometric Colorimetric 

7.14 7.18 
2 7.21 7.17 
3 7.23 7.20 
4 7.20 7.15 
5 7.21 7.24 
6 7.27 7.22 

7 7.23 7.21 

7.23 7.21 
7.28 7.26 
10 7.29 7.26 
11 7.22 7.19 

TABLE VII 
Glomerular Urine from Necturus. pH of Same Sample Determined by Two 
Micromethods 
Animal No. Electrometric Colorimetric 

1 7.39 7.43 
2 7.60 7.57 

3 7.61 7.6 
4 7.37 7.42 
7.41 7.43 

7.37 7.41 
5 7.61 7.59 
7.55 7.58 
7.56 7.59 


constriction and the entire pipette filled with mercury. 0.0025 m 
phosphate buffer solutions containing phenol red were drawn into 
such pipettes. As soon as the fluid had passed the constriction 
and had made effective contact with the electrode, the E.M.F. 
reading was made. The pipette was then removed and comparison 
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made between the color of the fluid in the part between the con- 
striction and the point and those of 0.05 m phosphate buffer stand- 
ards, containing the same concentration of phenol red, in capillary 
tubes of the same diameter. The pH values by the two methods 
agreed (Table VI). 

Similar electrode pipettes were used in collecting glomerular 
urine from living Necturi which had previously been injected with 
phenol red subcutaneously. The time required to fill the pipette 
to the level of the quinhydrone was about 10 minutes. The two 
‘determinations of pH were made as in the tests with buffer solu- 
tions. The results by the two methods applied to the same sample 
of glomerular urine agreed within 0.03 (average) pH unit (Table 
VII). 

In each of the comparisons of the electrometric with the colori- 
metric method described above the person who made the determi- 
nation by one method did not learn of the result obtained by the 
other until both results had been recorded. 

From these results we conclude that the microcolorimetric and 
the microelectrometric method, when applied to the same sample 
of artificial solution or of glomerular urine, give essentially the 
same result. Hence the finding that the average pH of glomerular 
urine determined in one series of animals by one method differed 
from that obtained in another series by the other method is to be 
ascribed chiefly to differences in the physiological conditions of the 
animal studied. 


SUMMARY 


A microquinhydrone electrode has been constructed with which 
reliable determinations of pH can be made with 0.1 c. mm. of fluid 
orless. It can be inserted through or into tissues without contam- 
ination, and escape of CO, from the fluid which is brought into 
contact with it is prevented. Its accuracy is of the same order 
as that of the ordinary quinhydrone electrode. 

The microelectrode has been used in measuring the pH of 
glomerular urine from Necturi. In two series of experiments 
forty-six determinations were made on material collected from 
twenty-one animals; the values ranged from 7.07 to 7.63, average, 
7.39. The difference between this average value and that previ- 
ously obtained by a microcolorimetriec method is not due to tech- 
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nical faults but represents physiological differences; for when both 
methods were applied to the same sample of glomerular urine the 
results agreed closely. 


Grateful acknowledgment is made to Dr. William C. Stadie 
and to Dr. W. Mansfield Clark for much helpful advice. 
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AN ELECTRIC HEATER DESIGNED TO PREVENT LOSSES 
FROM CREEPING IN THE EVAPORATION OF 
CONCENTRATED SALT SOLUTIONS PRE- 
LIMINARY TO MINERAL ANALYSIS* 


By GEORGE MARTIN GUEST anp ERNST LEVA 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, May 29, 1935) 


When solutions of mineral salts are evaporated to dryness, the 
tendency of the salts to creep incurs a considerable risk of loss of 
material if a salt creeps (as it often does, unperceived) up and over 
the edge of whatever container is used. Such a danger is especially 
noteworthy in commonly practised methods of mineral analysis 
of biologic materials where small samples of material to be analyzed 
are digested in sulfuric acid, the resultant solution evaporated, 
and the excess sulfuric acid driven off by heat. When evaporation 
from such a solution is brought about by means of heat applied 
from below (or even on all sides, as in a muffle furnace), the in- 
creasingly concentrated liquid may be seen in a thin film on the 
side of the container traveling upwards in tiny finger-like streams; 
if no loss is to occur, this creeping film must not be allowed to 
pass over the edge of the container. Under such conditions, more- 
over, heat must be applied cautiously, because overheating may 
cause sputtering and losses of material. 

In Fig. 1 is shown the design of a type of apparatus that has been 
used successfully in this laboratory for more than 3 years for the 
evaporation of solutions of blood and tissue digests, preliminary 
to mineral analysis. In this apparatus, the liquid to be evaporated 
is heated by means of a circular electrically heated coil made to 
fit closely around the brim of the vessel containing the liquid. 
The apparatus illustrated was designed for the use of 30 ml. plati- 


* This apparatus was exhibited at the meeting of the Federation of 
American Societies for Experimental Biology at Detroit, April, 1935. 
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num crucibles, but the use of other sizes and types of vessels (glass 
or quartz beakers, for example) requires only a change in the di- 
mensions, diameter and depth, of the aperture in which the vessel 
is held. In use, the vessel should be filled not more than two- 
thirds full, so that the heated ring of vessel wall at the brim is well 
above the surface of the liquid. As heat from the coil is applied, 
gently at first and slowly increased by means of a rheostat control, 
vaporization takes place from the edge and surface of the liquid, 
and evaporation progresses without visible trace of ebullition or 
sputtering. As the solution becomes increasingly concentrated 


CRUCIBLE 
EAT-RESISTING 
TOP 


HEATING UNIT 


HEAT-/NSULATING 
BLOCK 
—~ RH EOSTAT 
CA TAT KNOB 


Fia. 1 


and the surface film creeps upward from the edge of the liquid, the 
creeping film encounters the hottest part of the vessel wall near 
the brim and is either driven downward or vaporized, never passing 
the heated ring of vessel wall. In our own experience, a sample of 
5 ml. of blood, digested in a Pyrex ignition tube with 5 ml. of sul- 
furic acid, transferred to a 30 ml. platinum crucible with rinsing 
(giving about 20 ml. of liquid), may be carried through the succes- 
sive stages of evaporation of water, concentration, appearance of 
sulfuric acid fumes, and of finally obtaining the dry salts, in from 
1 to 13 hours. After being reduced to dryness, the salts can then 


4 
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of course be heated further over a flame or in a muffle furnace 
without danger from creeping or sputtering. 

A heating element of this design has been adapted to a standard 
rheostat-controlled electric heater by the Central Scientific Com- 
pany, Chicago. 


A PIPETTE FOR STORAGE OF AIR-FREE REAGENTS 
USED IN GASOMETRIC ANALYSIS* 
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(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, May 29, 1935) 


Air-free reagents for use in gasometric analysis may be kept pro- 
tected from air by storage over mercury either in a modified Hem- 
pel pipette (1) or in a reservoir consisting of two mercury leveling 
bulbs connected by heavy rubber tubing (2). However, when this 
type of apparatus is used for alkaline reagents (for example, N 
sodium hydroxide, and 20 per cent sodium hyposulfite solutions), 
difficulties arise because the grease of the stop-cock does not hold 
long against the alkali, and the weight of even a short column of 
mercury is sufficient after a while to force the solution around the 
cock. Such leakage leads to corrosion of the glass and after the 
cock becomes corroded the leakage becomes increasingly trouble- 
some. 

The type of pipette represented in Fig. 1 was devised to avoid 
this difficulty by having only mercury come in contact with the 
stop-cock. Such a pipette may be filled with air-extracted reagent 
and employed according to the technique recommended by Peters 
and Van Slyke (1) for using the modified Hempel pipette. The 
storage chamber of the pipette illustrated has been formed from 
Pyrex glass tubing, 28 mm. in diameter, about 14 cm. in length, 
constricted at the two ends. Into the side near the top is fused 
a capillary tube of 1.0 mm. bore, bearing a stop-cock and bulb, 
the latter having a capacity of approximately 25 ml., sufficient to 
accommodate the volume of mercury displaced by one portion of 
solution extracted in and transferred from the Van Slyke-Neill 
apparatus. The delivery tube, 1.0 mm. in bore, fused into the 


* This apparatus was exhibited at the meeting of the Federation of 
American Societies for Experimental Biology, at Detroit, April, 1935. 
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top of the storage bulb and bent downward, is of sufficient length 
to reach the bottom of the cup of the Van Slyke-Neill extraction 
chamber. The mercury well at the bottom of the vessel is pro- 
vided to prevent entry of reagent into the tube leading to the 
stop-cock. When not being used the pipette stands in a wooden 
block or other suitable support with the delivery tube thrust into 
a test-tube or small beaker filled with mercury which seals the 
tube at the tip and protects the solution against contact with air. 
Each time the delivery tube is replaced in the mercury seal it is 


Kia. 1. The pipette resting in a wooden block support, with the delivery 
tip thrust into a mercury seal. 


advisable to waste a few drops of fluid lest an air bubble be en- 
trapped at the tip. 

The vessel so constructed will accommodate 40 or 50 ml. of re- 
agent. Larger pipettes have been constructed, but when a larger 
storage chamber is nearly filled with mercury the greater weight 
makes it more awkward to handle. 

Advantages of this type of pipette beyond that of not having 
reagent in contact with the stop-cock are: that it is considerably 
less fragile than the Hempel pipette, and that the stop-cock can 
be regreased whenever necessary without emptying the storage 
chamber of reagent. 
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Microdetermination(Borsook) 
481 

Cysteine: Determination (SHINo- 
HARA) 263 


Homo-, metabolism, cystinuria 
(BRAND, CAHILL, and BLock) 
399 


795 


Cystine: Determination (SHINO- 
HARA) 263 
Hair, cystinuria (Lewis and 
FRAYSER) 23 
Homo-, metabolism, cystinuria 
(BRAND, CAHILL, and BLock) 


399 
Nails, cystinuria (Lewis and 
FRAYSER) 23 


Cystinuria: Hair and nails, cys- 
tine (Lewis and FRAYSER) 

23 

Homocysteine and homocystine 

metabolism (BRAND, CAHILL, 


and Biock) 399 
D 

Dentin: Composition (LOGAN) 
375 
Desoxysarsasapogenin: (Simp- 
SON and JACOBS) 565 
Digitalis: Sapogenins (JACOBS 
and SIMPSON) 429 
Disulfide compounds:  Deter- 


mination (SHINOHARA) 
263 


Diuresis: Antidiuretic factor, pit- 
uitary, anterior (DOWNES 
and RIcHARDs) Sl 


Dyes: Cell substances, reactions 
(KELLEY) 141 
Mucin, staining (KELLEY and 
MILLER) 119 
Nuclear substances, staining 
(KELLEY and MILLER) 113 
Nucleoprotein, staining (KEL- 
LEY and MILLER) 119 


E 
Egg: Albumin, crystalline, solu- 
tions, particles, irradia- 
tion effect (ARNow) 43 


| 


796 


Electric heater: Mineral analysis, 
evaporation, concentrated 
salt solutions (GursTr and 
LEvA) 777 

Electrical transport: Iractional, 
analytical use (WILLIAMs) 


589 
Electrode: Microquinhydrone, ur- 
ine, glomerulus, hydrogen 


ion concentration determina- 
tion (Pierce and Mownrt- 


GOMERY) 763 
Enamel: Composition (LOGAN) 
375 

Enzymes: Lipolytic, adrenals, 
distribution (Guick and 
BISKIND) 575 
Vitamin determination 


(TAUBER and KLEINER) 
559 
See also Amylase, Antiglyoxa- 
lase, Arginase, Oxidase, 

Phenolase 

Ergot: Alkaloids (JacoBs and 
CRAIG) 521 
Ergotinine: Hydrolysis (JAcoBs 
and CralIG) 521 
Exercise: Uric acid excretion, 
effect (QUICK) 107 


F 


Fasting: Blood sugar, fowl, giz- 
zardectomized (BuRROws, 
Fritz, and Titus) 39 

Fatty acids: Arginine combina- 
tion (JUKES and SCHMIDT) 

9 
Formation from glucose by 
Aspergillus niger (SCHMIDT) 


511 

Lysine combination (JUKES 
and SCHMIDT) 
Salmine combination (JUKEs 


and SCHMIDT) 9 


' Foods: 


Index 


Calcium availability 
(Finckb and SHERMAN) 

421 

Fowl: Blood sugar, gizzardectomy 

effect (Burrows, FrRITz, and 

Titus) 39 

Domestic, blood, properties 

(MorGAN and CHICHESTER) 

285 


G 


Galacturonic acid: Ascorbic acid 
precursor (JOHNSTIN and 
PoTTER) 279 

d-,  a-acetobromo-, methyl 
ester, $-methyl-d-galacturo- 
nide, conversion to (MORELL, 
Baur, and Link) 719 

—, —, — —, synthesis (Mor- 


ELL, Baur, and Link) 719 


Galacturonide: B-Methyl-d-, 
a-acetobromo-d-galacturonic 
acid methyl ester, conver- 
sion from (MOoRELL, Bavr, 
and LINK) 719 

Gallus domesticus: See Fowl 

Gas: Analysis, pipette, air-free 
reagents, storage (GuEsT and 
HoLMEs) 781 

Gastrointestinal tract: Hydrogen 
ion concentration determina- 
tion, glass electrode (East- 
MAN and MILLER) 255 

Gelatin: Chemical constitution 
(BERGMANN) 471 

Glomerulus: Urine, hydrogen ion 
concentration determination, 
microquinhydrone electrode, 
Necturus (PIERCE and 
MONTGOMERY) 763 


—-, reaction, frog and Necturus 
749 


(MONTGOMERY) 


| 
| 

| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Subjects 797 

Glucose: Fatty acids, forma- | Hydrogen ion  concentration— 
tion, by Aspergillus niger — continued: 

(ScHMIDT) 511 Urine, glomerulus, Necturus, 


Reducing action, physicochem- 
ical study (Woop) 219 
Glucuronic acid: 
(GoEBEL and BaBeERs) 
Glucuronides: Synthesis (Gor- 
BEL and BaABERs) 707 
Glutathione: x-Ray, effect (K1N- 
SEY) 551 
Glycyl-a-aminotricarballylicacid: 
Dissociation constants, ap- 


707 


parent (GREENSTEIN and 
JOSEPH) 619 
Glyoxalase: Anti-, kidney 
(SCHROEDER, Munro, and 
WEIL) 
Goiter: Thyroglobulin iodine and 
thyroxine (Cavett, Rice, 
and McCLenpon) 673 
Grapefruit: Pink, pigments 
(MATLACK) 249 


Growth: Naphthalene metabol- 
ism (STEKOL) 463 


H 


Hair: Cystine, cystinuria (LEWIs 
and FRAYSER) 23 
Heat: Liver proteins, effect (SEE- 
GERS and 531 
Hemicellulose: Mesquite wood 
(Sanps and NvutTeER) 17 
Homocysteine: Metabolism, cys- 
tinuria (BRAND, CAHILL, and 
399 
Homocystine: Metabolism, cys- 
tinuria (BRAND, CAHILL, and 
BLock) 399 
Hydrogen concentration: 
Gastrointestinal tract, deter- 
mination, glass electrode 
and MILLER) 
255 


Derivatives | 


determination, microquinhy- 
drone electrode (Pierce and 
MontTGOMERY) 763 
Hypophysis cerebri: Vitamin C 
distribution (Guiick and Bis- 
KIND) 583 

See also Pituitary 


I 
Iodides: Sterol dibromides, ac- 
tion (SCHOENHEIMER) 461 
Iodine: Biological material (TRrE- 
voRRoW and FAsHENA) 


29 

Thyroglobulin, normal and 
goitrous (Cavert, Rice, and 
McCLenpbon) 673 


Iron: Biological materials, deter- 
mination (I ARRAR) 685 


K 


Kidney: Antiglyoxalase (SCHROE- 
DER, Munro, and WEIL) 


L 


Lactation: Blood plasma lactose 
(HuBBARD and Brock) 
411 


Lactic acid: Brain, mammalian 
(Avery, Kerr, and GHAN- 


TUS) 637 
Lactobiose:  Jeactions, new 
(BERGMANN and GRAFE) 

173 
Lactose: Blood plasma, _preg- 


naney and lactation (Hus- 
BARD and_Brock) 411 


Lipids: Blood plasma, diurnal 


| 


variations (Boyp) 61 


| 
| 
| 
| 
| 
| 
| 
| 
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Lipolysis: Enzymes, adrenals, dis- 
tribution (Guick and Bits- 
KIND) 575 

Liver: Disease, uric acid excre- 
tion, benzoic acid influence 
(QUICK) 107 

Proteins, heat and _ alcohol, 
effect (SEEGERS and Matr- 
TILL) 531 

Lysine: Fatty acids, combination 

(JUKES and ScHMIDT) 


M 


Malt: Barley, amylase, concen- 
tration and properties (CALb- 
WELL and DOEBBELING) 

739 

Malus malus: See Apple tree 

Mesquite: Wood, hemicelluloses 
(SANDS and NuTTER) 17 

Metabolism: Bacteria (BLAN- 
CHARD and MacDona.p) 


145 

Methylbenzylacetic acid: Deriv- 
atives, methylphenethy!l- 
acetic acid derivatives, 
configurational relationship 
(LEVENE) 323 
Methylbenzylpropionic acid, 


configurational relationship 
(LEVENE and MARKER) 


299 
Methylbenzylpropionic acid: 
Methylbenzylacetic acid, 


configurational relationship 
(LEVENE and MARKER) 

299 

Methyl-d-galacturonide: a- 

acetobromo -d - galacturonic 

acid methy] ester, conversion 

from (MoreELL, Baur, and 

LINK) 719 

Methylheptylacetic acid: Deriva- 

tives, methyloctylacetic acid 


Index 


derivatives, configurational 
relationship (LEVENE) 
323 


Methyloctylacetic acid: Deriva- 
tives, methylheptylacetic 
acid derivatives, configura- 
tional relationship (LEVENE) 

323 

Methylphenethylacetic acid: De- 
rivatives,methylbenzylacetic 
acid derivatives, configura- 
tional relationship (LEVENE) 

323 

Mineral: Analysis, apparatus, 
evaporation, concentrated 
salt solutions (GuEsr and 
LEvaA) 777 

Monomethyltryptophanes: Me- 
tabolism (GorRvDON and JAck- 
SON) 151 

Mucin: Dyes, staining (KELLEY 
and MILLER) 119 

Thionine staining (KELLEY and 
MILLER) 119 

Muscle: Oxidase, milk and, syn- 

ergistic action (Macnr and 


BRYAN) 101 

N 
Nails: Cystine, cystinuria (LEWIs 
and FRAYSER) 23 


Naphthalene: Metabolism, adult 
and growing dogs (STEKOL) 

463 

Necturus: Urine, glomerulus, hy- 
drogen ion concentration de- 

termination, microquinhy- 
drone electrode (PrERcE and 
MONTGOMERY) 763 


—, —, reaction (MONTGOMERY) 
749 

Nitrogen: Metabolism, tissue, iso- 
lated (Borsook and JEFF- 

495 


REYS) 


| 
| 
| 
| 
| | 
YUM 


Subjects 799 

Nitrogen—continued: Pigments—continued: 
Total, microdetermination Pimiento, Perfection (Brown) 
(Borsooxk) 481 91 
Nucleoprotein: Dyes, staining | Pimiento: Perfection, pigment, 


(KELLEY and MILLER) 119 
Thionine staining (KELLEY and 


MILLER) 119 
Nucleus: Substances, staining 
(KELLEY and MILLER) 113 


O 


Oxidase: Ascorbic acid (TAUBER, 
KLEINER, and MISHKIND) 

211 

Milk and muscle, synergistic 

action (Macut and Bryan) 

101 


P 


Pentose: Urine, origin 

witz and LASKER) 443 

Pepper: Pigments (Brown) 91 

Peptides: Multivalent (GREEN- 

STEIN and JOSEPH) 619 

Salts, complex (BERGMANN) 

471 

Phenethyl acids: Normal series, 

configurational relationship 
(LEVENE and MARKER) 

311 

Phenolase: Activity, determina- 

tion (SAMISCH) 643 

Phosphocreatine: Brain (KERR) 

625 

Phosphorus: Compounds, brain 

(KERR) 

Inorganic, blood plasma, dairy 
cattle (HAAG and JoNEs) 

439 

Phospho-18-tungstic acid: Non- 


thiol compounds, reaction 
(SHINOHARA) 263 
Pigments: Grapefruit, pink 
(MATLACK) 249 


91 
analysis, 


red (Brown) 
Pipette: Gasometric 
air-free reagents, storage 
(Guest and Hotes) 781 
Pituitary: Anterior, antidiuretic 
factor (Downes and Rtcu- 


ARDS) 81 
See also Hypophysis cerebri 
Pneumococcus: Types III and 


VIII, polysaccharides, capsu- 

lar, chemical and immuno- 

logical relationship (GOEBEL) 

391 

Polysaccharide(s): Pneumococ- 

cus, Types III and VIII, 

chemical and immunological 

relationship (GOEBEL) 

391 

Starch, apple tree woody tis- 

sue, isolation and properties 

(NIEMANN, RosBerts, and 

LINK) 727 

Pregnancy: Blood plasma lactose 
(HusBARD and Broek) 

411 

Proline: /-, determination, rho- 
danilic acid (BERGMANN) 

471 

Propionaldehyde: Reduction, 

Clostridium acetobutylicum 

(BLANCHARD and MacDon- 


ALD) 145 
Propionic acid: Methylbenzyl-, 
methylbenzylacetic acid, 


configurational relationship 
(LEVENE and MARKER) 

299 

Reduction, Clostridium  aceto- 

butylicum (BLANCHARD and 

MacDona.p) 145 


| 

| 

| 

| 
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Protein(s): Azo- (Boyp and 
457 
Liver, heat and alcohol, effect 


(SEEGERS and MArTTILL) 


531 

Sulfur (BLUMENTHAL and 
CLARKE) 343 
Tissue, composition (GRAFF 
and MacuLia) 71 
Purines: Tissue, determination 


(GrAFF and 


| 


Q 


Quinhydrone: Iklectrode, micro, | 


urine, glomerulus, hydrogen 
ion concentration determina- 
tion (Prerce and Mownr- 
GOMERY) 763 


R 


Rays: a, egg albumin solutions, 
irradiation effect (ARNow) 
43 
See also Roentgen ray 

Rhodanilic acid: /-Proline deter- 
mination (BERGMANN) 471 
Roentgen ray: Glutathione effect 
(KINSEY) 551 


S 


Index 


Sodium: Microdetermination 
(WEINBACH) 95 
Starch: Polysaccharide, apple 


tree woody tissue, isolation 
and properties (NIEMANN, 
Roserts, and Link) 727 
Sterol dibromides: Iodides, ac- 
tion (SCHOENHEIMER) 461 
Sulfur: Metabolism (Lewis and 


RAYSER) 23 
Proteins (BLUMENTHAL and 
| CLARKE) 343 
_ Suprarenals: See also Adrenals 
T 
Thiol compounds: Determination 
(SHINOHARA) 263 


| Thyroglobulin: Iodine and thy- 


Salmine: Fatty acids, combina- | 


tion (JuKES and ScHMIDT) 


9 | 


Sapogenin(s): 
(Stimpson and JAcoss) 

565 

Digitalis (JAcoBs and Simpson) 

429 

Sarsa-, degradations (SIMPSON 


and JACOBS) 565 
Sarsasapogenin:  Degradations 
(Stmpson and JAcoBs) 

565 


Desoxysarsa- 


Thionine: Nucleoprotein and mu- 
cin staining (KELLEY and 
MILLER) 119 


roxine, normal and goitrous 

(Cavett, Rice, and Mc- 

CLENDON) 673 

Thyroid: Thyroxine, determina- 

tion (BLAv) 351 

Thyroxine: Thyroglobulin, nor- 

mal and goitrous (CAVETT, 
Rice, and McCLenpon) 

673 

Thyroid, determination (BLav) 

351 

Tissue: Purines, determination 
(GRAFF and 

71 

Tryptophanes: Monomethyl-, 

metabolism (GorpDoN and 

JACKSON) 151 


U 


Microdetermination 
481 
exercise 
107 


Urea: 
(Borsook) 

Uric acid: Excretion, 
effect (QuICcK) 


| 
| 
| 
| 
| 
| 


Subjects 


Uric acid— continued: 
—, liver disease, benzoic acid 
influence (QuIcK) 107 
Microdetermination(Borsook) 
481 


Urine: Glomerulus, hydrogen ion 
concentration determination, 
microquinhydrone electrode, 
Necturus (PrercE and Mont- 


GOMERY) 763 
—, reaction, frog and Necturus 
(MONTGOMERY) 749 


V 


Vitamin(s): B synthesis, diges- 
tive tract, carbohydrate ef- 
fect (GUERRANT, DUTCHER, 


and TomeEy) 233 
B;. See also Vitamin G 
C, adrenals, distribution 


(Guiick and BIsKIND) 1 


801 


Vitamin(s)—continued: 
—, determination, enzymic 
(TAUBER and KLEINER) 
559 
—, hypophysis cerebri, distri- 
bution (Guiick and Bisk1np) 


583 

—. See also Ascorbic acid | 
E, absorption spectrum 
(OLcoTT) 695 
—, chemical constitution 
(OLcoTT) 695 
—, esters, utilization (OLcoTT) 
695 


G, photochemical phenomena 
(SuPPLEE, ANSBACHER, and 
BENDER) 365 


X 


X-ray: See Roentgen ray 
Xyloketose: /-, origin (ENKLE- 
wiTz and LASKER) 443 
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